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i41) Consideration
The hyafaglic;simﬁiatiqns options;aérdéscribed in the
previoquparagfaph~have-been,_in_detail, discussed in
‘comparison with the extent of paddy field and rubber area
to be inundated. Since it would be considered rather
complicated to grasp an ‘entire picture of these hydraulic
gimulations options, the salient fealtures involved in each
option are briefly presented in the following:
MAXTMUM WATER LEVEL AND RELATED INUNDATED ARTA
Average Maximum Water | Méximum
Case Level Within Storage Inundated Area
- ' (EL-m) (Paddy+Rubber: ha)
i, Case P: 2.20- 6,272~
- : A} 0.06 “P 107
7. Case W/0: No Improvement 2.14— 6,165
— 4 - 0.04 ' 71 \-177
+ RMI 2.10 0.10 6,094 ——
| 0.02 , Ps
+ RCTI, H2B-16 2,08— - 6,059—
, ‘-0.04 71
+ RMI+RCI, H28-16 ;2.04——— ~5,988——"7
' 0.13 230 -53
3, Case W: ‘ T -0.03
ALT U~1, 180+L,244N,24 2.01 5,935
' ' : . +89+
ALT U-1, 1204L,244N,2440.,05{2.11 6,112
ALT U-1, 1204L,244N,24 g 7
+RMI+RCT, H28-16 12,09 - 6,077 K
R 10,03 L53 -
- o o 0,10 ]
ALT U-2,60+L,24-H, 24 2.11— 6,122
+RCI, H28 +178
2 6,343

ALT U-1,120+L,04N,24

24
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Elevation ' Paddy Field Rubber Area i Total

{EL~m)  Area. Cumulated Area . Cumulated ' Area Cumulated
: U ) B
0-1 1,940 1,940 37 .37 1, 977 1 977
1 -2 3,800 5,740 - 140 - 177 - 3,940 5,917
2~3

1,620 7,360 153 330 - 1,773 7,690

As a matter of fact, each pridn of the hydrauiic
simﬁlétiéhé iﬁditéfes'thaf'aii of the proposed gates to be
equipped at the tidal regulators would take a form of full
opening during majority of the target flood, specifying
that the water level 1mmediately downstrean of regulators
is quite higher than the ocean water level and also has
less response to the tidal oscillations since the tidal
regulators are located far upstream of the river mouths
taking a large flow resistance along the river channel

between the mouth.

Major findings on locating and sizing of the proposed
tidal regulators which have been obtained from the
hydraulic simulations options for the target flood and

- other cases are given below:

- An effect of the flood mitigation to a ﬁeaningful
extent with the proviéibn of tidal regulators could
not be identified even when a larger width of the
gate opening 1s installed at each site together with
the Narathiwat mouth improvement and the river
channel improvement with excavation of the narrow
cross—sections along Mae Nam Bang Nara from the Nam
Baeng diversion to the Upper Regulator site. (refer
to Table 4--4)

- It would be difficult to eliminate a lower tidal
Regulator and provide with the river closure only at
this site due to a higher water level in its

immediate upstream during the flood, since the
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cross- gectlons Irom thls site to the Nam Baeng
_diversion have not a suf[iclent capac1ty to convey

" the flood water to other regulaLOLS. AnoLher rcason
| to provide the Lower Tidal Regulator would be to
release water WhJCh would be accumulated at the dead
corner of the Bang Nara water storage in Lerms of

water quality. {(Table 4 -5)

“Two alternatlve sites have been proposed for the
Upper Tidal Reguldtor, called "UTR-1" 1nc1ud1ng the
Yakang river in the water storage and "UTR- Z" in the

~upstream of the Yakang rlver_connection. (lable 4-2)

Moreover,-additioﬁal alternative plans in relation to
UTR-1 and LTR were studied on the necessity of the
tidal regulators with the fixed weirs on the major

bed in addition to the gated weir. (Table 4-3)

In the case of the‘ﬂTR—], the width of the fixed weir
is about-SOO m at maximum. And also in the case of
the LTR, the width of that is about 500 m. The
~_purpose of the altéfnatives is.to decrease the
maximum'ihundation depth and to shorten the duration
of inundation by means of construction of the fixed

weir in addition to the gated weir,

As a result of hydraulic simulations which have a
part of the fixed weir, the ervadicable effect of the
mitigation of inundation is not realized as compared
with the case of the gated weirs only even though its
width ds maximum. Particularly, when LTR has the
fixed weir on the major bed, 1t has an adverse effect

by the adverse flow from the Kolok river.
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The flood simulation study shows that the moqt reasonable
size of two alternatives with the abovewmentioned ooncept

“which can be given below,_

- ALT U»lg 120 e L,24 + w 24 (Case 1) |
- ALT U=2, 60 + L,24 + N 24 + RCI st (Case 2)

One of the dlstinct features in the water storage to.

be establlshed by UTR»l is that while the magor storages
are located along the course of the Bang Nara rlver up to
LTR and NBR, a greater part of the water supply into the
storage for more effective utllization durlng the non-

flood season comes from the Yakang river without any cost.

Addltlonal flood simulatlon study for the best case of
”ALT Unl, 120 + L, 24 + N, 24" has been made incorporatlng
the side flow of Mae Nam Kolok into the_modelzto ‘identify
the effectiveness of the proposed tidal regulators'

- arrangement, The‘fOIlooing cases have beeh:exaﬁihed:

Average Maximum Water Maximum

Case Level Within Storage  Inundated Area
- ' (EL-m) . (Paddy+Rubber:ha)
. Case P: - 2.32 6,486~
. ggee W:
| - - ~374
ALT U-1,1204L,244N,24 2.22 6,266—
ALT U~1,1204L; 264N,46 2,11 ———— 6,112

%/ ..... This Figure would be divided into 160 ha
‘for' the paddy field and 60 ha for the -

“-rubber planted area.
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period of Inundation . " Land above EL+2,0m  Land ahove [EL+1.5m

]. Gase Pz " ' 7Shrs. 162hrs .-
SRR 1 —71hrs. B - -8%hrs.
ALT U=1;120+L,244N;24 68hrs. 154hrs.
ALT U1,1204L, 244,46 Ahrs, ooeed | ' 82hrs.

- TIn case W "ALT U-1, IZC + L 2%+ ﬁ 24M g sigoificanf.efféct -
has been recognized that the Lower Tidal Regulator would
function to ellmlnate the current flood 1nvasion 1nto .Mae Nam
Bang Nara due to ‘the flooding of Mae Nam Kolok ThlS fiood

.1nva31on amount% to some 10 mllllon cu.m being equlvalent to

the channel storage volume of Mae Nam Bang Nara.

- In the casé W "ALT Umi; 120.+ L,124 + N, '&8":which intendé to
expand the width of existing Nam Baeng Channel to 90 m and the
total gate opening width of existing Nam Baeng reguldtor to
46 m, the 1nundation period would be greatly reduced. - RID has,
however,_implied that at this stage, there would not be any
opportunity to w1den ex1sting Mam Baeng system, and this

- alternative would be left over for future consideration.

Duringnthe rainy season,_it ié.néceosary to maintain the
flood sluico way witﬁ safoty. -Figures 3-5-1 to 3-6-16 in
Appendix III show the flooding.stages which are equai to
the hedvy rainfallq with 3, 50, 100 and 200 yr-return
period,raround the Bang Nara river basin as compared with
‘the present condltion and the with project condition.
After construction of the Lidal regulators, the ilooding
stage as a whole would‘be slightly mitigated with timely
Ea;e_Operat;on;..Accor&iﬁg fo thése figuros, it is
imperatiﬁg that the ggﬁe control_of three regulators

must be executed fréctiOHallY-
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° Tigures 4-24 and 4-25 show the.hydraulic behavior iﬁ'the.
Bang Nara storage after construction of the tidal regulators
during the hon-rainy period. When the gates of UTR.ate&'
closed for a long time and the gates of LTR &and NBR are
operated, it is very diffiéult to keep the normal impounding.
water level as a whole_in_ﬁhe-étorage. To thié end, doubié
leaf gates with over flow type should be {installed, so that

the normal impounding water level would be kept stably.:
4.2.3. Target Dimensions of Tidal Regulators

(1) Location and Gate Opening Width .

Two altefnative'éites ﬁaVe.béén;proposéd for tﬁe‘ﬂpperfTidal
Regulator, calied UTR-1 inélﬁdiﬁg'Maé”Néﬁ Ya Kang in the water
storage and UTR~-2 in the upstféam of Mae Nam YafKéﬁg;conheétion.
The flood simulations study shows that the most likely

reasonable size of two alternatives would be gilven below:

- ALT UTR-1, 120m
'~ ALT UTR-2, 60m

Construction cost of two alternatives is &iscusSed'Below:

(a) Approximate construction cost for UTR-1 would be 303 miliion
Baht, while that of ﬁTR—Z would be 224 million Baht, resulting
in the cost reduction of UTR-2 by 24 percent (See para. IX.l1.2 of
Appendix IX). . h

(b) UTR-2 is not in a position to absorb all of the flow from Mae
Nam Ya Kang. This is clearly related with a fact that the
irrigation pctential'at'UTRil.ié'qﬁite low when compared with
that of UTR~1, “To‘cope'wiih the itrig&tioﬁ.poﬁentiél'identical
with that:of:UTRQl,'a'diﬁefsién of the Ya Kang wétefj/ to the
Bang Nara waté; storage ?ia Khiong To Che which would be deemed

the most appropriate altérnative should be provided with an
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approximate cost of 125 million Baht, When this cost is added to
that of UTR-2, the total initial construectlon cost for UTR-2 and

Ya Kang diversjon would be 349 million Baht which exceeds that of
UTR-1. Detail of ‘the cost compdrison is complled in para IX. 1,2

of Appendix IX.

*/...Diversion Qeit.:.H 60m7gated at Ban Cha Nu Rong Bu Re
- | which is located upstream dffx 73
{ 366 sq. km. )
ﬁiversieﬁ canals (1) Capacity of 5 cu, m per sec.
(2) 300w-culvert + 1,500m -concrete lined

canal with one railway crossing.

urtherhote, there are two aiternatives, one'of which is the
case that UTRul and LTR are provided with a fixed-type weir
equipped w1th apron and riprap (referred to as "With W)

and the other of which is the case that they are not equipped
with the welr (referred to as "Without W"). Sequent on the
comparative study made on both cases in terms of flood
simulation, the effect of the case "with W' on the maximum
water level and the inundation duration of the Bang Nara water
storage would be ignorantly sﬁall even if the weir is designed
to the ionger in its_length (refer te Tables 4-2 and 4-3),

Therefore, the case "With W" would be deemed unfavourable.

In accordance with the major findings as introduced above, it
has been concluded that "ALT UTR-1, 120m" is the best alternative

arrangement of tidal regulators Ffor the proposed Bang Nara water

storage,
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(2) Cate Crést'EleJation

The gate orest elevation is obtained by summing the high-
est high water level "(HRWL) or the mean high water
springs (KWL} with the tide level deviation and iuthér~
more a margin of safety, so as to prevent the overflow,

overtopping, etc, of external tide.

The external tide 1evel'and‘the inne; water level con-

ditions are shown in the folldwihgs.

(a) External.tide level (observed)

at Narathiwat _at Taba
HHWL - +1.18 m +1.51 m
HWL +0.58 m  +0.8l m
MSL +0.,08 m _ 0.11 w
LWL ' | -0.35nm ~0.42 m

LLVL -0,67 m ~-0.77 m

(b) Inner water level

(i) 'Impoundlng water level

Normal impounding water level 40,40 m
Minimum impounding water level ~0.20 m
(ii) In thefcdsé of flood ' '
VIR LIR
At S-jeat return
=pefiod

- Upstream level

(gate opened) EL+2.23 m EL+1.47 m

(gate closed} ————-- ——— EL+1.18 m
- Downstfeam level

(opened) EL+1.63 i EL+1.44 m

{cloged) = —m—mmee—e EL+1.58 m
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UTR : LTR.

At 50~-year return

“period
- Upstream level | .
{opened) : _EL+3.25 m FL+1.92 m .
fclosed) @ e EL+1.80 m

— Downstream level
(opened) EL+2.32 m EL+1.89 m
{(closed) = = ————uim EL+2.20. m

. The maximum tide levels of each fear are observed in the
rainy ‘season-in November/December, and it is presumed that
there  is influence of the flood. Therefore, the mean
high water springs is regarded as the tide level for

determining the gate crest -elevation,

Gate Crest Elevation of UTR

The gate crest elevation of UTR is determined by adding the
tidal range and the runup (shallow water significant wave)
at the propogsed gate location to the high water level

estimated at Narathiwat.

HWL (At Narathiwat) +0.58 m
Tidal Range : 0.05 m
Runup ~

o gF 10.42
. 1 o 01?5(-—-2)
£52= 0.283 tanh 0.53(-%‘2)0'75} tanh y

. tanh

gd
[0 53 ( 52 ) }
where H; Wave Height

Fi; Tetch 1.5 km
U; Wind Speed 15 m/sec

d; Water Depth 5 m
Find H= 0.44 m
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Accordingly, the gate crest elevation of UTR has been

calculated as follows:

EL4+0, 58+0 05+0,44 = EL+1. 07m £ EL+1.1m..

Cate Crest Elevation of ILTR

LTR functions to prevent not only the invading . tidal water
but the back flow of the river at the flood time so that
the gate.crest elevation ﬁas_to be determined as to meet
the requirements of both fﬁnctions. Comparing the tidal
levei with the outside water level at the flood time with
a 5-year return perdod, the latter is as high-as 0.8 m
than the former. Therefore, the gate crest elevation: of
LTR has been determined at’ EL+1.60 m. The:gate would be
overtopped by assuming the flood level with the probabi]ity
of exceedance, but the Bang Nara water storage would not be

much affected due to non-invasion of sea water and a short

overtopping period.
Tmpounding Water Level and Water Abstraction Management

Taking into account the tidal gate crest level of EL + 2.50 m

at existing Nam Baeng regulator, EL + 1.10 m at UTR and EL + 1.60 m

at LTR which are given in para. 4.2.3. of this chapter, it would be

possible to provide a fresh water storage with a normal impounding

water level of EL + 1.10 m. The proposed water storage, however,

differs from the usual reserVoirs on the hill side iﬁ that the

environmental_ wildlife and river side communities regimes are

currently based upon the history of water level along Mae Nam Bang

Nara which are tidal.
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Development of the non-bounded freshwater storage under the

propoéed Project which 1s considered as an initial step along Mae

Nam Bang Nara would be ﬁonditioned-by the limits on upper and lower

operating:levels which restrict a developable storage volume. If a

2 ) : *
top water level .higher than the present one 1is taken, extensive

paddy and

rubber. areas would be submerged and cause the enormous

disruption around the storage. The lowest operating water level

would be Yeduced in drier years falling under the influence of

evaporation from the storage and swamps with an effect to be

increased
swamps or
condition
of actual

flow Into

*

by drrigation abstraction; and there is a danger that the

-the shallowest part of the storage would evaporate to a

approaching dryness and the sulfate ions from the leachate
acid sulfate soils around the storage would increasingly

the storage.

.. At the water level of EL + 1.10 m, the paddy field of
2,700 ha and the rubber area of 60 ha would be
‘submerged.

As stated in Figuré'3¥i0, para. 3.3.4. of Chapter 3; the water

}ﬁvel'iﬁformation'along Mae Nam Bang Nara have been cbtained by the

three JTCA pfovidéd automatic water level recorders and indicate the

water level fluctuation outside the flood season as summarized

beloﬁ:
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(unit{ EL-m)

x162 at
: ‘Nam' Baeng o
x160.at UTR=1 Bifurcation 'x161.at LIR
e . High ... Low:. High .~ Low -High;j_Low
Spring Tide  .0.74 . =0.40 . 0.70° =0.26 1.05. =0,57
Average 0. 53 "0 02 _0.58 +0.12 0,66 -0.20

Ave. 0.26 m . Ave. 0.35 m - Ave, 0.23 m-

When the above mentioned information are compared to the contour
lines in the 1:10,000 topographic maps, major. part of the Laem Bang
Nara LI Forest Reserve which is.the swamp forest near. the water
level recorder atXl162 would need a careful ‘attention in terms of

environmental constraints.

_Although- the relationships‘betﬁeen theé swamp water level and
maintenance of exlsting plant communities in the Laem Bang Nara II
Forest Reserve have not been made clear, the increased duration of
higher impounding water level and also the increased magnitude of
seasonal fluctuatlons In surface and groundwater level in °uch swam
would result in substantial damages in species composition and most
probably dieback in the low-lying zones of the proposed water
storage, thus inviting the serious consequences on the long~term
viability of its swamp ecosystem inclusive of both plant and

wildlife populations.

Keeping the above factors in mind, the normal_impounding water
level of the Bang Nara water storage under the proposed Project has
been taken'at ELI+0.40 m which is slightly higher than the present
average one of EL + 0.35 m at Nam Baeng bifurcation Tecorder while
it is greatly lerr than the high water levels by tidal motions.
The latter consideration would eliminate the present incoﬁvenience
from temporarily extended shallow flooding over the 1ow—1ying paddy
Qnd other land along Mae Nam Bang Nara during high tides. With the
normal impounding water level of EL + 0.40 m, existing river channel

of 5.1:sq.km and major part of the Laem Bang Nara IT Forest Reserve
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éf 8.8 sq.km with a_totalrbf 13.9 sq.km oxr 1,390 ha wpuld.be:the'
watet suffape area of the proposed. Bang Nara=storage,;a1though the
storagé:edgeﬂwitﬁinwthe swamp: forests is not clearly defined around
much of the perimeter. It is noted that under this condition, there
is Mo eultivated land-to be submerged or no land to be compensated

with the Government: fund. .

while the impoundiﬁg'water-level behiﬁd three tidal regulators .
would remain close to toprwéter level of EL + 0.40 m'throughout the
off-flood season téking'into consideration the higher lowflow
availability of-many tributaries, the impouﬁding water level would
drop in drier years with the water extraction by pumping irrigation.
The water level ‘drawdowm should be confined to a.limited.extent'by
the water heédé.of'existing swamp forests, the level of which
ﬁﬂlows.the Qurrent water "level, With respect to tﬁis environment
constraint, attentibn has been paid to_the'present average low water
level during 'the spring tides of EL ~0.26 m near the Laem Bang Nara
1] Forest Reserve, and the lower limit of impounding water level has
bemltaken‘at‘EL =-0,20 m, In-addition, this water level would not
be briticized'by thé'problems for storage side dwellers and would
contribute to avoid the generation of acidic water from some of the

tributary basins,

In a dry year, it is probable that the pump operators would be
more responsive to the needs of farmers to avoid crop loss than to
the environmental and social needs of other communities to keep away
- from excessive water-level'drawdown.-EIhere appears to be every.
possibility of the abstraction rules being "bent” in favour of the:
farmers in such case. Excessive drawdown for long period could
cause irreversible environmental damage to the ecology of swamp
forests as well as the status of potential acid sulfate soils, and
wmﬂd'temporarily make a series 0f separat¢d shallow ponds causing a
EIM1kill and other losses, It is, therefore, essential to be

satisfied that the abstraction rule to cease when the storage water
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level fell to EL ~0,20 m is sacrosanct, and the system'dperatqrs and
their RID superiors accept the discipline~that:thié’entéils.: In
conclusion, 1t can be mentioned that yiel& of the Bang Nara fresh
water storage wilth an effective cépacity:df'about A.S'millién-cu.m
is severely limited by the need to limit the drawdown for '~
environmental reasons, and the water balance cémpﬁtations which are
discussed in next paragraph have been bésed'upon this water:
abstraction management. :

g

(4) Salt Water Freshing Process

The Bang Nara water storage is provided by replacing the saline
water with the freshwater inflow, The saline water replacement in
this case is referred to as.salt water freshing process.  Such process

can be classified methodologically as follows:
° TFreshing by the Tidal gate operation only.: = - (Type i)

® TFreshing by the Tidal gate ‘and desalinization (Type ii)

conduit,

° TFreshing by the Tidal gate, desalinization {Type 1ii)

conduit and desalinization pump.

On the other hand, the freéshwater storage 1s generally
classified from the viewpoint of density current into (1).the two-layer
type and (2) the mixing type. This classification is roughly explained by

the following parameter:

Annuai inflow into the reservoir
- Total volume of.reservolr

Total inflow of each flood
Total volume of reservolr
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a < 10 two-layer type-

a » 20 mixing type
0.5 <b <L two-layer type
~b >1 mixing type, disappearing the internal boundary
layer

the two-layer type of density current is clearly divided into the
fresh water layer and the saline water layér, and the saiinoéline
ig formed at'thé_bounda:y_layer. On the.other hand; the mixing type
of density'cﬁrrent is not divided into any layer and its vertical
distribution of_salinity is approximately uniform. The salt water
freshing process 1s closely related with thé above mentioned types
of density current_in the subject reservoir. Because the tﬁo«lgyer
type has_high denéity of saiinity in the lower layer, the
desalinization conduit or the desalinization pump is employed for
the desalinization from lower layer so that the uppér 15yer can be
kept fresh., Since the salinity of the mixing type is aimost uniform
vertically, the desalinization.can be processed effectively by

drainage sluice operation only.

In Selecting the parameter of the type of density current, the

Bang Nara water storage has its own values as follows:

6
4 = Average annual inflow _ 1,713.1 x lg = 100.8 >>20
Total volume of reservoir 17 x 10
p = . One year return period flood inflow _ 196.8 x 10°
= . = £ = 11.6 >>

" Total volume of reservoir \ 17 x 10

As a result of the above estimation, the Bang Nara water storage
would be classified to be a strong mixing type. Therefore, the
desalinizarion process by the drainage sluice only (Type 1) is

suitable for the Bang Nara water storage.

The Jansen's formula which is one of the desalinization process

tquation would be applicable to estimate the mixing type storage:
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Q | |
cece VO (Eon/m) weivenses (1)

Where C = mean salinity at any time in the reservoir

(ton'/m?’) ,

C2 = initial salinity in the reservoir
(ton/m )

Q. = inflow to the reservoir (m /s)

V = total volume of the reserv01r (m )

t = duration time from final closing (sec).

The desalinization process ana1y31s shou]d be dealt with as’ time
series. On the other hand, the most domlnant factor to the
desalinization process 1is thé freshwater flow amount into the
storage. Even if a final closing ‘of the Bang Nara water storage is
made during the beginn1ng of the dry season, the initial -

desalinization process c¢an be finished within 40 days:

16,0,
4
- (gopig * 86,400x 0)

il

0,000773 (ton/m’}
773 ppm'% 1,000 ppn

C=0.002 xe

1

0.02-t0n/m3
= 16.0 m3/s
=17 x 10°

Where

3

< OO
i

Thareﬁorej‘it appears that the initial desalinization process would
proceed within the short duration without any difficulty.

Aftér.compiétionrof'the initial desalinization process, the
Bang Nara water storage should be maintained with the low saline
water., In the caqe of the Bang Nara river basin, ‘there is monthly
rainfall more than 50 mm even ii the dry season so that the river

inflow 1nto_storage is abundant,
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As a whole, ‘there 1s the strong mixing type of density current
which has app:oximate;y uniform distribution}for.the-vertical
salinity ih.the,tidal;Bang,Nara_riﬁer.:_Because the two—layer type
of den’sirtyl current -appears between the “rivér mouth and. the tidal =
regulator, it is forecasted that the salt intrusion_throuéh the tidal
gate=operation Wﬁich is caused by the saline wedge will occur after

construction of the Bang Nara water storage.

Théﬁ, non—uniform flow analysis on the two-layer type of
density current has been executed for the purpﬁsé of estimating the
saline wédge as shown in the Figure 4-26 whére the subscripts 1 and
2 refer to the upper layer and the lower layer, respectively. When
the density .current is.in a form of steady flow and if is taken of

friction slope, the equation of motion may be written as follows:

I I RO
7 39x ( pg 2) - g

(p/pg + z)may be written by using the symbols in Figure 4-26 as

il

D1
Upper layer: Pl hy + hy + 2
Pl b pg 1 2 @
. - :
lower layer: B
p2g

(1 - €) hy + hyp + z4

Fresh Water
13
——
e - Salt Water
_k—-—-—)JwW"‘**-——*—g ____*__Z“_g{w#_ﬁk\__-_ .
Za i
FIGURE 4-26, PROFILE OF TWO LAYERS DENSITY CURRENT
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Where e = (p27- p1)/ p2~
Zo m=e_lévation of river bed and ié = friction sldpe (Ti

and Tb correspond to -shearing stress beécause of internal -

friction and friction of river bottom, respectively).

varies with the coefficient of friction loss by fi

boundary
Friction slope(if)

of boundary layer between the fresh water layer and the saline warer

layer. fi is the function of Reynolds number (Re) and Froude

number (Fr) and 1s written as:

f{ = ¢ . [Re~Fr ™"

In the case of Mae Nam Bang Nara, there are not enough
observation data available to estimate C and n,-sd that 1t is

assumed that fi is 0.0l with reference to Figure 4-27 and the saline

wedge analysis to be executed.
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The condition of the saline wedge in the Bang Nara rivef has
peen examined at the variogs'tide levels and river discharges for
the river cross-—sections from tﬁé'fiver~mpufh of Narathiwat,tb
upstream. The résults ag.shdwn in Figure 4-28 and Figure 4-29
indicate that when the tide level is low,the saline wedge would
not intrude_into;phe Bang-Nara water storageieVén-though the rdiver
gischarge is small (13 m>/s), but when the tide level is high, the
saline wedge would intrude into the storage even though the river
discharge 1is latge (20 m3/s). This consideration has-Been

incorporated in Figure 5-2, para. 5.l.4, "Mode of Operation",
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4.%.4, Storage Water Balance Simulations

(1) River Maintenance Flow

During the northeast monsoon, the floods will continué to flush
the estuary system with prOper operation ‘of the tldal ~gates taking
into account less regulating capacity in the Bang Nata water
storage. On the other hand, the present estuary flow atrNarathiwat
during the non-flood periodﬁis mainly dominated by such tidal flow
as flood tide and ebb tide discharges with some fresh water
contribution.to tﬁe ebb disoharge from the upstream basins of Mae

Nam Yakang and Mae Nam Bang Nara.

In the case "UTR-1" that incorporates all of the Yakang river
flow into the water storage during the non-flood period, there
would be only the tidal flow along the lower reaches of Mae Nam Bang
Nara when no release of the storage water takes piace from the
regulator. This would invite some of the adverse effects to the
Narathiwat estuary in terms of water environment and river entrance
sand bar. Some fresh flow should be, therefore, maintained in the
lower reaches of Mae Nam Bang Nara to prevent sea water intrusion
and carry away waste after construction of the tidal regulator in
order to conserve the water-related environmental conditions as are

currently seen in the cage without the tidal regulator,

It is, therefore, considered that 5 cu.m per sec of the minimum
river maintenance flow for the Narathiwat estuary during the non-
flood period which is equivalent to that equal to the 30 day, one in
5 yr-low or oﬁe in 10 yr-low flow (5.3 cu.m/sec or 4.8 cu.m/sec,
respeotively) duing that time would be at all times released from
the UTR. Tt is also expected that such river malntenance flow
could eliminate.any'particular effect on the regular maintenance
dredging along.the Nofathiwét estuary annually being carried out by
HD. This condition has been employed to determine the water
-available for irrigation in the water balance simulation study by

using the Bang Nara storage.
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Since a preaent portion of thL Bang Nara runoff in Mae Nam

Kolok duxing the nonwflood period is negligibly small as compared

with a total flow at Kolok river mouth, any consideration to release

the maintenance flow from LTR is not gilven, while it would be

required to discharge some of the stagndnt water in the Bang Nara

water storage from LTR as occaslon needs to mitigate the storage's

vater quaiity déterioration.

3] Sediment Traﬁspbrf and Depoéit

(i)

Suspended Sediment

Siﬁcg no observed sediment dara are available in the Study
areé;ithe data actually measured at Mae Nam Kolok in 1981
and-i982 have been applied to estimate the volume of
sedimenf of Mae Nam Yakang, because Mae Nam Kolok is
adjaceﬁtly located at the objective basin and the
vegetation and topographic conditions of the Mae Nam Kolok

basin are similar. to those of the Mae Nam Yakang basin.

The suspended.sedimeht-curve of Mae Nam Kolok is shown
with the'foliowiﬁg equation:

Qs = 0.459 x Qw1'694

where = Qs : Suspended sediment load (ton/day)
'Qw : Discharge (cu.m/sec)

(Refer to Figure I1-2-21 of Appendix II)

The discharge data as presented in para,3,3.4 of Chapter 3
are employed to calculate the sediment volume of the Mae
Nam Yakang basin. The monthly mean suspended sediment
loads for 31 years are explained in Table 4-7. The total
amount of the sediment load during 9 months from

February to October 1s calculated al 29,800 tons, and
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the largest wvolume of-110,800 toﬁs duriug:ﬁheISaid period
appears in 1984, (Réfef to Figure II-2-22 of Appéﬁdix 11)

TABLE 4-7  MONTHLY MEAN SUSPENDED SEDIMENT

(unic: 1,000 tom)

Jan. Feb., Mar. Apr, May Jun., Jul. Aug. Sep. Oct. Nov. Deéc. Total

22.4 4,0 2,5 1.1 2.8 2.6 2,5 3.5 4.6 6.2 27.5 46.0 125.7

(ii)

In comparing the said specific value with those of the

neighboring basins, the difference is not large as shown

in Table 4-8, In general, the soil in those basins

changes from grey to red—yelldw poioiic'type in the

upstream and the alluvial soil in the downstream.

Bed Load

Judging from the grain size accumulétion.chrve of Mae Nam
Kolok which is developed based on the materials collected
in the GRBDS, the river bed of Mae Nam Yakang seems to
consist of fine sand réﬁging from 0.5 to 2.0 mm, ‘The
discharge is little in the off-season and the river slope
is gentle. Consequently, it can be aésumed that the
amount of bed load would be negligibly small in comparison
with: the amount of the suspended load. (Refer to'Figure
I11-2-23 of Appendix II)
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(iii) Deposit

The proposed tidal pates are to be closed to store water
and to eliminate the intrusion of saline‘wéter into the
Bang Nara water storage during the non-flood season and
is to be opened to release the flood discharge and to
flush out the sediment deposits during the flood period
becaugse the amount of the flood diséharge is too large,
When the bu1k den5ity of sand is taken at 1,7 ton per
cu.m, the total amcunt of the sediment lcad during the

non-flood period would be as follows:

Weight Volume

{ton) {(cu.m)

Mean total 1lcad 29,800 17,500
Max. total load 110,800 65,200

When the mean and maximum sediment discharges are
deposited on the stovage bottom in the immediate upstream
of the UTR, the top_elevation of such sediment deposit
would ba at EL -6.32m and -5.48m, respectively. VWhile
these deposits are constantly accumulated.in such étorage
‘bed for the long perlod without any flush-out, the
elevation of the river bed which fills up with the deposits
would go up to the elevation of EL -4.0m which is equal

to the elevation of the UTR's sill. The required time

is estimated as follows:

_ Storage capaclty at elevation

of EL ~ 4,0 m 7 262,200 cu.m
Mean sediment load during the

non-flood season : 17,500 cu.m
Time for filling deposit: 262,200/17,500 : 15 years
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The top elevation of sediment deposit would, therefore,
reach to EL -4.0m for 15 years. There would be no problem
that thé;depOSits are over the elevation of the UTR's
s11l, because grain size of the deposit from Mae Nam
Yakang 15 small and the flood discharge could steadily
flush-out such sediment to the downstream of the UTR,

(Refef to Figure T1-2-24 of Appendix TT1.)
(3) Baslc Counditilon of Water Balance Simulation
(i) Effective Rainfall

In general, it is important to estimate an amount of
effective rainfall for jrrigation, because the amount of
effective rainfall usually affects not only a scale of
‘the stordge but also its Investment cost., The Study area
seems to enjoy rainfall throughout a year. About 60
perceht of the annual rainfall is mainly observed during
three months from October to December. 1In other months,
' monithly rainfall of less than 200 mm is recorded.
Especially, during the months of February to April, the
amount of monthly rainfall would reach legs than 80 mm,
and the number of rainfall days would be a few, that is,

the high intensity of daily rainfall occurs.

In this Study, the folloﬁing equation on the daily basis
would be used in order to prevent cver-estimate or
‘less-estimate of effective rainfall for the paddy

o drrigation:

ERi = SW, | + Ri - WRL
Where
ERi : Effective rainfall of i(th) day in mm
8W, .: Stored water depth of i-1(th) day on a field

in min
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(11)

Ri

WRi ¢ Water requirement in mm
(Evapotranspiration + percolation)

-

Daily rainfall in mm - -

When a water dépth of 1(th) déy-on-a field oyerﬁops

the maximum héight of a paddy dike or a'notch,-the amount
of effective rainfall of 1(th) day”is limited up to the
height of the dike or the notch of 250 mm which is seen
in the Study area. (Refer to Figure YI1I-2-1 1n
Appendix VIII)

For the upland cropé, the U.8. Départment of
Agriculture's Soil Conservation Service has developed

a procedure for estimating efféctive rainfail by
processing long term climatic and soil mdistpre data.

A comprehensive analysisjwas made by perusing 50 years of
precipitation records at 22 experimental stations
representing different climatic and soil cbﬁditidns. The
soll moisture balance was worked oﬁt for each day by
adding effective rainfail or irrigation to the previous
day's balance and subtracting consumptive use. To avoid a
high degree of comﬁlexity, neither the soil intake rate

nor rainfall intensities are considered in this method.

From total rainfall and monthly consumptive use, effective
rainfall values are computed in Tables VIII-2-1 and -2 in
Apbendix YITT). The monthly effective fainfall_cannot

exceed the rate of consumptivé,use.. If it does, the lower

value of the two is taken.
Cropping Calendar

In order to effectively utilize water in the Bang Nara

storage, a double cropping system would be recommended to
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boost and to stabilize a farm income of dinhabitants in the
Area, According to the explanation in para. 4.4.1 of this
Chapter, two crops such as paddy in the main-season and

" other upland crops in the off-season are incorporated 1into

the Project plan.

The recommended varieties of paddy such as the improved
local variety (ILV) and the high yielding varieties
(HYV-RD13 and HYV-RD?7) would have the growing period of
150 days, 140 days and 120 days from transplanting to
harvesting, respectively. The former two varjeties are
categorized in photosensitive varieties and the remaining

one in a non-photosensitive variety.

The cropping period of the ILV is determined by the
inundation conditions; with the target heavy rainfall in
5-vr return period after construction of two tidal
regulators, which is transplanted at the first decade of
September with a-45—day time lag and the ending period of
irrigation 1s at the first decade of January with a
45~-day time lag. This variety is planted at the paddy
field below EL+1.8 m considering the allowable depth of
standing water. The eétimated acreage for this ILV is

3,370 ha, {(refer to Figure VITI-2-2 in Appendix VIII)

The second variety of RD-13 is planted at any paddy field
higher than EL+1.8m in the Project area which is not
inundated during the cropping period. The cropped acreage
is given at 4,810 ha.

The last variety of RD-7 with an acreage of 1,600 ha is
also selected for gaining wore production. However, this
varlety 1s classified at non-photoseusitive which would
plant at any time throughout a year. The computations on

irrigation water requirement with relation to effective
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rainfall, therefore, have been carried out for 30 years
except 1965 in order to fix the growing period of the RD-7
variety. -The analysis of 26 cases that the preparatory
work of the first case is starting

on the lst day of June and such works of - the following
cases are delayed by every 5 days, has been done. When
the preparatdry work for the HYV RD-7 starts on the lst
day to the 16th day of September, {rrigation requirement
could be minimized., Table 4-9 is presented for more
detail. Because before lIst of September; the paddy
cultivation can not-effectiﬁely use rainfall during the
main-season and after 2lst of September, the later stages

of the paddy growing season meet the -less rainfall,

Table 4-9 OCCURRENCE OF MINIMUM IRRIGATION WATER REQUIREMENT

Jul. " : Aug.. _
Ist* 6th lith 16th 21st 26th Ist 6th 1ith 16th 2lst 26th
1 1 1 2 2 3 2 3 3. 4 5 4
Sep. Oct.. :
Tst 6th 1ith 16th 2lst 26th Tst  6th 11th 16th Zist 26th
g 12 13 10 3 5 4 3 'n.a n.a n.a n.a

Note: (1) lst means that the irrigatiom starts at the
Ist day of July,

{2} ™n.a" is ap unanalysis case.

(3) The above occurrence numbers are counted by the data
which are the three numbers from the lowest one in
every year.

As second crops, upland crops can be introduced in

the Area because of mo limitation of climatological
conditions on farming., The most suitable cropping period

of the crops 1s also analyzed by the amount of irrigation
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(iii)

water requirement with using same procedure for paddy

(HYV RD-7) discussed above, The analysis has indicated

_that" the cropping .calendar on the later starting time of

the growlng period shows the smaller amount of irrigation
water requirement than that of the early onme, because
upland crops on the later one can meet much rainfall.
Howéver, the'growing period of the upiand crqpé can not
move too later or can not overlap with the paddy growing.
From the viewpoint of labor distribution, maintenance and
rehabilitation of irrigation and drainage canals and other
farming works, no farming period of at least one month
between the harvesting of upland crops and the cultivation
of paddy, would be necessary. This is a limitation to
determine the suitablé growing period of upland crops;
Consequently, the growing periods of paddy would mainly
stért in September and that of uplaﬁd'crdps in April.

(refer to Figure VIII-2-3 in Appendix VIII)
Irrigation Efficiency

Irrigation efficiency, generally, consists of conveyance

~efficiency, fleld canal efficiency and field application

efficiency,

In the Bang Nara irvipation program, irrigation water is
conveyed up to the certain point near the command area
through natural canals or proposed farm drains. 1In the
case of portable pumping system in the Project, Stage 1,
lifted water would directly serve a farm land through a
farm ditch as an on-farm facility. In the case of the
fixed pump ivrigation system in the Project, Stage 1I,
main and lateral irrigation canals would be provided to
deldiver irrigation water through a farm ditch to a farm
land. Considering these conditions, the following
irrigation efficiency would be applied for irrigation

planning:
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For Paddy Cultivation

_Efficiency
Conveyance
Field canal
Application

. Total . :
Rate of Companded Area

'Pumb{ﬁgzsystém

RID- Pump.

) .
M R RN

0.9 .
0.8
0.75
0.54 .
50%

0.8

0.57 ...t

. WUG!

s Pump

0.75
0.60:
50%

Weighted Average
For Upland Croﬁ Cultivation

‘Pumping System
RID Pump WUG's Pump

Efficiency.

Conveyance 0.9

Field canal 0.8

Application ' 0.6
Total : _ 0.4

Rate of Commanded Area 50%
Weighted Average .

(iv)

Water Requirement -on Preparatory Work
a) Paddy

.Irrigation water wbuld'be provided for the preparatory
works such as ploughing,.harrowjng and land leveling
before transplanting of paddy when the farmers meet no
adequate amount of rainfall., The amount of water
fequirément on the preparatory work (WR) would be

"calculated by the fblléwiﬁg equation:

SW+ SL +S2 +EV + P+ SL

WR =
Where
‘WR: ‘Water requirement on preparatory work in mm
SW: Standing water depth in mm
Sl: Saturaticﬁ'water of surface soil in mm
$2: Saturation water of sub-surface soil in mm
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EV: TFvaporation from water surface in mm
P s Percolation in mm

SL: = Seepage loss from a paddy dike in mm

Standing. Water Depth
A standing water depth of 50 mm is assumed for

transplanting of paddy,

Saturation Water of Surface Soil

The thickness of surface soil is an assumed value
of 150 mm and a porous content of 20 percent.
Therefore, the amount of water to saturate the

top-soil 1g 30 mm (= 150 x 0.2).

Saturation Water of Sub-surface Soil

The thickness of sub-surface layer is assumed 200

mn and a porous content of 15 percent, therefore, the
water to be required for saturation of the

sub=surface socil 1s 30 mm (= 200 x 0.15).

Water Requirement

The preparatory works would be done in September and
October. During this period, the evapotranspiration
rate is 4.1 mm/day { (4.2 + 3.9)/2 ). A duration of
the preparatory works is fixed at 20 days before
transplanting. During the period, a supplemental
water would be given to the fileld to protect
drying-up of soil. The percolatlion and seepage
losses of one millimeter per day should he
considered. So, the total amount of water of this
1tem is estimated at 110 nm ( (4.1 + 1,0) = 20 = 102

mm, say 110 mm ).
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b)

(v)

- Water Requirement of Preparatory Works
The amount of water depth of 220 mm (50 + 30 + 30 +
110 = 220 mm) would be necessary for the preparatory

works,

- Application of Water
" Water for the preparatory works would be given on a
field at three times. The first application of water
of 85 mm would be done at 20 days before trans-
planting, the second application of 85 mm at 10 days
before transplanting and third one of 50 mm at one

day before.

Upland Crops

For cultivation of upland crops,.an amount of pre-
irrigation would soften the surface soil. The amount of
water to wet the surface soil would be calculated at 15 mm
{the thickness of the surface soil (150 mm) x 20% (porous
content) x 50% ( 50% of the amount of water to be
saturated the surface soil)., The evapotranspiration rate
during the period from February to April is 6.3 mm/day in
average including one mm/day of seepage loss. Thé-period
of preparatory works is determined at five days. (refer to
para. 4.4 in this chapter) Therefore, the total amount of
pre-irrigation water for upland crops is computed at 50 mm

{15 + 6.3 x 5 = 46,5 say 50.mm).
Inflow Discharge into the Bang Nara Water Storage
As the Inflow discharge data, the results of the low flow

analysis described in para., 3.3.4. (2} of Chapter 3 have

been emploved for the water balance simulation study.

4-98



(4) Water L.evel DPrawdown

(i)

Study Period for Water Balance Simulatilon.

According to the results of the low discharge analysis in

- Mae -Nam Yakang and other tributaries of the Mae Nam Bang

Nara basin, the 30 years from 1955 to 1985 except 1966

because of lacking data, have been taken.

Limitation

" The amount of 1 cu.m per sec would he assumed for the

domestic water supply. PWWA explains that the amount of
future water demand for domestic use of the Narathiwat
residential area would reach 1.55 MCM per annum. The
peak water volume, therefore, would be estimated at 0.1
cu.m per sec taking into account the peak rate and
distribution losses in 1992. The existing pump station
has, however, ne intake facility such as a weir across Mae
Nam Yakang. Many losses would be needed to take a
proposed amount of water for water supply. Therefore, at
least 1 cu,m per sec of discharge in Mae Nam Yakang would

be secured for the domestic water supply,

For the amount of river mouth maintenance flow, further
detailed information.are presented in para. 4.2.4.(2) of
this Chapter. Consequently, 5 cu.m per sec in total would
be released for maintaining the existing downstream river
conditions. This amount is secured before using for
irrigation purpose. If the inflow into storage is not
reached at the above discharge, all of the inflow from the
Mae Nam Yakang basin should be used for this purpose, and
this means that, in this case, no amount of discharge 1is

for irrigation.
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(iid) Trrigation Return Flow

Considering the*ldéafion'of the'Baﬁngara-Water"storage
and irrigation method of paddy cultivation, some amount of
return irrigation water would be ‘expected in the area.
There 1s no observatilon data to estimate’ an amount of

" return flow. From, the viewpoint' of dirrigation efficiency
of 57 pércent-for paddy-irrigation;'the,fate of more than
30 percent of the amount of irrigation water for paddy
cultivation would be expected to re-use water-for
irrigation. For the water balance study, the rate of 30
percent of the amount of the paddy irrigation would be

assumed to be applied for one of the inflow discharge.
(iv): Basic Equation of Water Balance Analysis

The following equation is applied for the water balance

simulation on the Bang Nara water storage. The calculation

interval of 10 days is used for the analysis.

Q = Q447 INFi ~ ((WRy - R;} x A )/ EFF + RTN; - EV,

Stored water volume on the i th day

el
b

Stored water volume on the i-1 th day

INFi:'Inflowffrom Mae Nam Yakang and othex
tributaries of Mae Nam Bang Nara on the i th day

wRi : Water requirement by crop .on the i th day
WR, = ET. x ke

'% ET. } Evapotranspiration by crop
ke ; Crop.coefficient by crop and by
'~ growing stage
Ri f'Effective rainfall on’'i th day
A Acreage to be irrigated '

'EFF : Irrigation efficiency

RTN : Irrigation return flow from paddy field on i th
day’

Ev, : Evapotation from Mae Nam Bang Nara water
storage
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(v)

(vi)

(vii)

Irrigation Method

:,In Qrder_FO,give.easy_operation_of ir;igation_éystem to

fapmers_in:the_irrigable area, the rotational irrigation

system would be advised. (refer to Figure VIII-2-4 in
Appendix VIII) |

‘Basic Concept of Analysis

In consideration of making the large number of

beneficiaries under the proposed irrigation programs and

‘keeping higher water level in the Bang Nara water storage

during the off-geason in order to prevent acid water

generation, many alternative cases have been analyzed.
Water Level Drawdeown

With the 30 year-analysis, water level of the Bang Nara
water §tq:age.seasonally fluctuatesf Since the small
amount qf.river'flowrand the large amount of irrigation
water requirement for upland crops are expected duriﬁg two
months_ofrApril and May comparing with those of the other

months, the most remarkable occurrence of water level

_drawdown appears during this period, however, it is not so

nuch drawdown excepting three. years of 1958, 1959 and
1964, On the other hand, another drawdown would occur in

September to the beginning of October. The reasons are

. that the paddy cultivation already begins and the rainy

season does not yet .start. Water level in the Bang Nara

storage is normally ranging from WL+0.40 to -0.20 m on

‘April, May and September, and a duration of water level

drawdown 1s short. Therefore, it would be no problem to

ugse water for irrigation purpose from the storage,
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In other months from October to March and fiom June fo
August, the water level would be kept at the normal
impounding water level of WIA40.4m.  Tn order to avoid the
water level drawdown in the Bang Nara water storage during
onlj foresaild three years, the shortage of irrigation

water would occur.

Consequently, the acreage of'9;980 ha which consists of a
pumping irrigation area of 9,800 ha and a gravity
irrigation area of 180 ha would be irrigated without
remarkable water level drawdown on the Bang Nara water
storage. (refer to Figures VIII-2-5 to -7 and Tables
VIII-2-3 to -9 in Appendix VYIII) S

4.2.5. Storage Water Quality
(1) Control of Acidic Water Inflow

The major contributors of acldic water flowing into the

Bang Nara water storage have been detected as follows:

Khlong Yabi(Kh. Sa Pi Yo); Khlong Ku Bae Ya Hae;  Khlong
Pileng(¥h. AL Long); Khlong Sg. Padi(Khlong'Nam-baeng);
Khlong Ban Toei; Khlong To Lang; Khlong Pru Kab Daeng;
Khlong Pu Cho Yo Mu and Kh. Bang Son.

Check gates at Kh. Yabi, Kh, Sa Pi Yo, Kh. Pru Kab Daeng, Kh.
Ban Toei and Kh. To Larg were alréédy constructed by RID. At Kh.
Pileng (Kh. Al Long), check gates have been already constructed
under the Pileng project by RID. However, the'existing gates do not
always control water level of the rivers in the problem soil areas
becausé ‘of poor operation. Well-managed operation of these gates
should be, especially, carried out to control the upstream water

level during the dry season.
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New check gates proposed at such rivers as Kh, Ku Bae Ya hae
and Kh. Sg. Padi would be necessary to control the upstream water
level. And, additional check gates would be required at Kh. Bang
Toei and Kh. Ban To Lang, because due to higher elevation of a part
of the problem soil areas, exisiting gates could mot properly
control the upstream water level throughout the river course. On
the other,hand, water level of Kh. Pu Cho Yo Mu and Kh, Bang Son
woulﬂ be controlled by the impounding water level in the Bang Nara
water storage because of low elevation less than +lm in the drainage

area.

To prevent the potential acid sulfate soil from acidification,
the groundwater level should be controlled by proper operation of
the check gate facilities in order to keep around 40 cm below from
the ground surface. In the area of actual acid sulfate soils,
sulfates accumulated in the soil are dissolved by heavy rain at the
beginning of rainy season and flushed away in a form of flood to the

Gulf of Thailand.
(2)  Centrol of Persistent Chemicals

- Presently a number of agro-chemicals arc in use., The principal
insecticides are made of organic phosphorus and carbonate and
organo-chlorine compounds, and the principal fungicides are based on
erganic sulphur. Other herbicides, rodenticides, and plant hormones

are also in use

Among these agro-chemicals, the organo—chlerine insecticides in
particular have been suspected of harmful effects on humaun health.
Even now BHC (benzene hexachlorides) is utilized in some quantities
than other organo-chlorine insecticides. The use of these
insecticides 1s now either banned or permitted only under very stiff

constraint. Agro-chemicals other than organo-chlorines are also
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' suspecfed of causing ¢hronic toxicity when théy are'ingeéfed”aﬁd
accumulated in the bddy; The damage 16 doubt extends to the habitat

of animals, plants and fish alike.

All agr‘o'—chémi'céis should be documented on. thé basis of tests
on toxiclty and persistence. Among the égféJéheﬁicalé*ﬁow in use,
those that have béén shown to accumulate in farm crops of sdils mnust
be designated as such., It is nécéSSary-that c0ﬁtro1 1s ‘exercised
over their application according to specified methods. Turthermore,
chemicals known to pollute water and suspected of being dnjurious to
human health, animals, plantb, and Iish are also to be designated as
such, and their use in a Speclfied area should be controlled.
Examples of the'persistent'agro;chemicals are Lead'arsenate;
Dieldrin; Aldrin: Terodrini Endrin; Bezoepin; PCP herbicide;
Rotenone; Organic'mercufy except those for seed dressing; DDT; TEPP;

Methyl.pafathidn; Parathion; BHC; Heptachlor; and 2,4,5-T,
4.2.6. Water Storage Fisherdies

With the construction of two tidal'regulators'and'acidic water
flow check facilities for the strateglc basins, there would be a
potential of raising the freshwater capture fisheries by using the
Bang Nara water storage which is normally maintained at water level
of EL{O.A m with the water surface of 13.9 sq.km being composed of
the river channel of about 5.1 sq.km (37 percent) and of the swamp
forests of about 8,8 sq.km (63 percent). Water level drawdown for
.the dry season irrigation would take place during the short period
with ‘the iow water ‘level limit of EL-0.2 m which has the surface
~area 6f”4.8“sq;km'occupying only the old channel. Tt is also noted

that ‘the lowest bottom of storage would be atound EL-6m.
“When the Bang Nard water ‘Storage 1s established, the inereases

in nutrlents caused by anaerobic decomposition, releases from

flcoded solls and dirrigation return flow would enhance the level of
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fiéh_prodﬁctivity;although there are a few Phytoplankton at present.
as'is;ggplained'in para. 3,4.6 of Chapter_S. Review of the storage
: morpﬁométry,;wate: quality_sti]l beiﬁg:slightly adidic and the _
nutfient inéreases indicates that:the Bang Nara water stbragg would
have a potential for fish production under extensive low input
farming.: . Management of thils storage fisheries would be cbncerned
with.thgﬁstopking‘with appropriate_species at adequate ievels,. _
Restocking from time_fo time would be required 1f the fisheries are

sufficiently_produdtive and economic.

As far as. the downstream fish production 1s concerned, the
effect of flow regulation at two tidal regulators would be _
negligible because the freshwater species along the tivér.estuaries
at Narathiwat and Taba are not identified as explained in para. _
3.4.6 of Chapter 3. On the other hand, two tidal regulaﬁprs would
cut off the migration of some species from their brackish spawning
ground to their fresh growing ground; however, the present situation
of such migratipn would be mincr. With this information, DOF,
Narathiwat has agfeeﬂ that fish ladders at two regulators would not
be essential, and this could be compensated by artificial stocking

of fish fry.

In addition, DOF introduced the fish species relatively
resistant to acidic water which are commonly cultured in the pond or

river throughout Thailand.

, Fish  Estimated Size in cm

1. Climbing Perch (Anabas Testudineus) 20

2. Snake-Heads (Ophiocephalus Spp) . 60-80
3. Walking Catfish (Clarias Spp) 20-30
4, Gourami (Trichoguster Spp) - 20-30
5, Striped Tiger Nandid (Pristolepis Fasciatus) 20

6. loeven's Slender Carp (Leptobarbus Hoevent) 80

/. Rasbora (Rashora Spp) 10

8. Teather-Back (Notopterus Spp) 60
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DOF, Narathiwat has confirmed that a supply of such seed fish is
readily available from two active centers of the Pikulthong near
Narathiwat and the DOF freshwater fisheries station at Pattani with

no charge on fishermen.

To ensure the economic off-take, the fishery management would
be done to control the number of fishermen and the types and sizes
of gear which they are able to use and to define, by SeaSon_ahd
location, the areas where the fishing can be done, The management
techniques being inclusive of manipulation of the habits, management
of fish population and their food supply need effectively to
maintain a steady-state harvest of fish at a level of the optimum
productivity of the water storage fisheries. In addition, the
introduction of new aquaculture systems such as penculture, net
closures or cage culture for rearing of fingerlings and marketable

sized fishes would be considered.

It is suggested that the organization of a fisheries
cooperative for proper management, maintenance and exploitation of
the water storage fisheries, although there is‘virtually no
tradition of such fishing by using the reservoirs in Thailand,
Members of such ccoperative would be local people and farmers who
are living in the vicinity and interested in fishery activities with
the fishing fare including the poer marine fishermen along the
coastline stretch being suffered from the limited marine resources.
It is essential that such cooperative be given the legal coverage as
corporate body to make them effective institutions, To this end,
DOF will principally have technical backup and monitoring function,
It is also:ne6éssary to devise the Government policy for the use of
Bang Nara water storage for fisheries purpose although there appears
to be no conflict of the management interests between RID who is
responsible for this water body and DOF for the required extension

inputs.
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A discussion was made with DOF, Narathiwat on fish egcape from
the watér storage dufiﬁg:thé témporary inundation around the storage
when the tidél-gates.are fully opened.. Because of the anadromous

.nature of réleﬁanf fish against the watef velocity of wmore:of less
Im per sec.at_the'régulators, there:would‘be no particular problem
on such loss of the freshwater fish production, Taking‘into account
the aboﬁe'mentidned facﬁcrs, the Bang Nara water storage would
provide .the fish farmiﬁg conditions with a potenfial production
jevel of 100 to 200 kg per ha or 140 to 280 ton per year at its full
development_taking'thé lead time of several years being easily

obtainable under extensive low input farming.

There is no cultural bias against fish as food, and the
proximity of the water storage to the point of major éonsumption'in
the Stﬁdy area would reduce the difficulties of transport and
conservation of this highly perishable ﬁroduct. It is considered
that part of the fish harvested would be exported to Malaysia after
the primary processing by Taba new town traders. At a selling price
of BiS per kg, this represents a gross annual income of 2,700 per
vater surface ha, and 1t is assumed that a fisherman population of
approximately 0.5 fisherman per ha or 700 in total would be

supported on the substained basis with an additional annual income.
4.3. Ifrigation and Drainage Development

4.3.1. Drainage Improvement

(1) Sub-basins Concerned

To establish the optimum development strategy for the Study
area, it is necessary to grasp the local features in detail, The
Study area, therefore, is divided into 29 sub-areas mainly by the
catchment area of tributaries of Mae Nam Bang Nara. _Figﬁre 4-30
shows EBE'boundary of the sub-area in the area. The drainage

service area by sub-basin is shown in Table VIIL-3-6 of Appendix
VITI, '
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As discussed in Chapter 3, a part of the Study area is placed
gnder the poor drainage conditions where many damages have been
prought by overtopping the flood discharge from Mae Nam Yakang.
those stroams and canals in the Study area have too small flow area
on the cross—sections to discharge excess water caused by Mae Nam
takapg and heavy rainfall, and some trees also interrupt the smooth
flow of flood discharge. On some points at the road-crossing in the
Srudy area, wooden bridges are used. The cross-sectional area is
also not enough for flowing down flood discharge during the same

period.

it is necessary that the flowing countermeasures would be
carried out to Improve these streams and canals. The existing
streams and canals would be widened and deepened to convey the
design flood discharge, and the existing bridges would be
reconstructed with an enough flow area. On the other hand, the new
drainage canals would be proposed to dissolve existing poor drainage
conditions because of geological conditions and no drainage canals

in a part of the Study area,

The following streams and canals would be improved:

Length Catchment

e Sub~Area - Canal Improve New Area -
(km) (sq.km)
I Mae Nam Yakang Ban Lo Mo - 2.5 1.2
! Kh. Ku Ra Po Kh., Ku Ra Po 9.0 0.8 26.4
5 Kh. Na Ko Kh. Na Ko 4.9 - 9.8
£ Eh, Te Che Kh. To Che 5.6 - 39.8
" Kh., Lu Bo Manang  10.0 2.5 (21.7)
! Kh, Kok Niang 5.5 - (41.0)
& ¥h. Chang Kb, Chang 9.8 0.8 90.3
! Kh. Ba Nao Du Dong 10.5 - (65.2)
" Kh, Ku Rong Ya Ma 4.7 - (16.0)
b Bang Rara-3 Ran Sala Pradu - b1 1.8
1b_Kh. Sala Maf __Kh. Sala Mai 5.0 1.7 10.0
Total 5.0 9.4 179.3

N Ve . -~ f- H -
detes  Catchment arca shows the drainage area at the most downstream
point of a stream.
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{2) Drainage Module

(1)

(i1}

(i)

Probable Rainfall

From the economic point of view and fhe field interview of
flooding condition, 3-day consecutive probable rainfall
with 5-year and 2-year return period would be applied.for
the drainage planning, The fwal method is used for
probable rainfall analysis. The amount of 3—déy
consecutive rainfall with S—year and 2-year return period
is calculated at 419.4 mm and 277.4 mm at the Muang
station, 459.6 mm and 293.3 mm at the Tak Bai station,
247,) mm and 127.9 mm at the Rangae station and 406.5 mm
and 232.3 mm at the Yingo station, respectively. Other
stations do not have long—term period rainfall records
for the probability ahaiysis. (refer to Tables VIII-3-1
to -4 in Appendix VIII) .

Areal Rainfall

To calculate averagé.rgiﬁfali of the Area, areal ratio by
the Thiessen method is 0.13 for Muang station, 0.19 for
Tak Bai statidn, 0,57 fof_Rangae station and 0.11 for
Yingo station when the above four observatories are
effective. The weighfe& average 3-day consecutive
rainfall is calculated at 327.4 mm for 5-year return

period and 190.2 mm ;or_2~Year'return period.

Rainfall Intensity

According to the field investigations and the field

interviews, run-ﬁff;_ ?alﬁfima after the beginning of

rainfall is usually within one day in the tributaries of
the area. On the otﬁer hand based on the water level

record and- rainfall31n,§ﬁe Yakang river basin, its




duration is within one to two days depending upon the
rainfall pattern and intensity. For the design of the
tributaries to.be improved, the run—off arrival time of
8 hours is assumed to calculate the design rainfall
Intensity. The following equation would be used for

calculation of the rainfall intensity.

¥t = i

R24 ;24 (0,666
24 ( T)

where, rt ¢ rainfall intensity in mm/hx

R24 1 24-hr rainfall, (327.4 mm f3day = 109,1 mm/day of
S-year return period) and (190.2 mm/3 day = 63.4 mm

/day of 2-year return period)

T ¢ run-off arrival time in hrs

therefore,
vt (S5-year return period) = 9.6 mm/hr
rt (2~year return period) = 5.6 mm/hr
(iv) Run-off Coefficient

Run-~off coefficient is determined depending on the
vegetatlon and geographic condition of the drainage area.
Vegetation of the drainage area in and around the Area is

in a good condition covering with many trees or grasses. In
the plain area, many rubber plantation areas are found and
paddy fields have a sufficient rainfall storage capacity

during the rainy season,
Topographically, the drainage area is moderately sloped at

about 1:600 and is partly rolling and undulating. Many

tributaries have small mountainous area which is steeply
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sloped and well vegetated. However, ratio of the steéply
sloped area to the total drainage area 1s about 10 percent and
ratio of the mountainous area in the total drainage area
varies from 10 to'401percéﬁf. Au overall runééffICOEfficient
of 0.4 would be used taking into account the-above

conditions.

Drainage Module

The drainage modunle (q) is calculated by using the rational
formula ;

q=£f.,rt,A/3,6

where q : run-off discharge in cu.m/sec or lit/sec/ha
f : run-off coefficient (0.4)
rt : average design rainfall intensity (9.6 mm/hr
of 5-year return period and 5.6 mm/hr of
2-year return period)
A : drailnage area in sq.km .

Therefore, drainagé.mOdule on S5-~year return period and 2-year
return period are 0.0107 cu.m per sec per ha (10.7 litre per

sec per ha) and 0.0622 cu.m per sec per ha (6,2 litre per sec

~per ha), respectively,
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(vi) Areal Reduction ofAHréiﬁage Module

.In the tropical monsoon zone, the rainfall dlstribution 13,
oa% well known, not uniform in the dralnage area, because the
high ralnfall 1ntensity zone is generally ]imited and is
ﬁov{ng It is necessary, therefore, that Lhc above dralnage
module should be revised depending upon a scale of the
drainage area. For assumlng an areal rainfall, the Hortor
'eqoation'wooia be applied to calculate the decrease ratio by
the'scale-of'tﬁe'd;éinage area: S
= Ro e %KAh
where R : areaJ ralnfall in mm
Ro : rainfall in wm
¢ constant (0,1)

: drainage area in sq.km
n : comnstant (0,2)

= =

Table 4-10 Drainage Module

*% S5-yeay Return Period #%

- Drainage Area . Arxeal . . Drainage Module

in ha “in rai rainfall lps/ha lps/rai
upto 250 upto 1560 109.1 wtmm) - 10,6 1.7
250 to 500 1560 to 3120 . 96.5 9,2 1.5
500 to 1000 3120 to. 6250 54,6 5.1 1.5
-1000 to 2000 6250 to 12500 92,4 8.8 1.4
2000 to 3000 12500 to 18750  90.9 8.7 1.4
3000 to 5000 18750 to 31250 9.0 8.5 1.4
5000 to 10000 31250 to 62500 86.2 8.2 1.3
*% 2-year Return Period **

Drainage Area: Areal Drainage Module
in ha = in rai rainfall lps/ha lps/rai
upto 250 . upto 1560 - 63.4 nmp) 6.2 1.0

250 'to 500 1560 to 3120  56.0° 5.4 0.9
500 to 1000 3120 to 6250 © 54.8 5.3 0.9
1000 to 2000 6250 to 12500 53.6 5.2 0.8
2000 to 3000 12500 to 18750 52.8 5.1 0.8
3000 to ' 5000 18750 to 31250 . 51,6 5.0 0.8
5000 to 10000 31250 to 62500 50.0 4,8 0.8
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(3) Allowable Depth and Duration of Standing Water

During the flood period, flood damage‘of cropé‘weuld occur
according to a degree of water depth and standing duration on a farm
land. 1In the Area, paddy is a main ClOp during the main season,
therefore, the allowable water depth and duratlon of stand{ng water
on a field are determined by the grass height of paddy and
occurrence time of flood. Accordiug to the experimental resu]ts of
flood damage, when paddy is uubmerged during a period of more than 2
days, flood damage would be serious (refer to Table VIIl 3-5 and
Figure VIII-3~5 and Flgure VIII- 3-1 in Appendix VIII). When many
floods usually occur in December, the height of paddy would reach up
to 50 cm. To reduce flood damage, 10 cm of leaves top should bhe
above the standing water, therefere,.the allowable depth of standing

water for the paddy is taken at 40 cm.
4.3.2 Irrigation Development
{1) Topographic Conditions

The Study area is roughly divided into three bloehe, {1) the
western block of Mae Nam Bang Nara, (2) the upper block which

~ is bounded by Mae- Nam Bang Nara, the Nam Baeng canal and the
coastal line, and {3} the lower block.

The western block consists'of.three parts,‘(a) theiupper paddy
cultiﬁation zdne; (b):the rubber plantation zone and (c) the
Pileng project area. The paddy cultivation zome 1s mainly
located.in_the northern part of the block. An elevation of
this zone is ranging from EL+0.5 to 20 m. The zone has a
mdderare slope of 1:600 towards east or Mae,ENaﬁ Bang Nara.
Almost half of the area is_oéeupied_by the scattered paddy
fieldjdf 6,150 ha in total.which is.surreunded by the rubber
plahtation area.? The eonteur_line;df EL+1 m is drawn about

1 kmifer from Mae Nam Banngara. (refer to bigure 4-31 4in this
para, and Figure VITI-2-8 in Appendix VIII)
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The wide area between the paddy cultivation zone and the Pileng
project area is'called_as "Rubber plantation area’ which has a
slope of 1:600 in average and an elevation 0f from EL4+0.5 to
20m. ThejPileﬁg project area is located at the southern part
of the Block which is in the boundary of the Laem Nam Reserved
Forest. The project area of Pileng 1s, however, excluded from
the Reserved Forest area under RFD, and the oneuthird of its
area is below EL +1m. The area inclines with a slope of about
1:600 to 1:700 towards south«eést on Mae Nam Bang Nara, and an

elevation of the area is ranging from zero to +8m.

The upper block is bounded by Mae Nam Bang Nara in west and
north, by the Nam Baeng canal in south and by a coastal line of
the Gulf of Thailand in east. The block cdnsisfs_of an
alluvium plain and beach-sand dune. The plain area with the
maximum width of about 6 km is located along Mae Nam Bang Nara
and is below EL+l m. Almost all part of the area, however, is
reserved as a national forest area., On the other hand, the
eastern part of the block is occupied by the beach-sand dune of
E142 to 8 m. The boundary between the alluvium plain and the
beach~sand dune is clearly recognized. The beach-sand dune is
composed of three lines in parallél with the coastal line. The
rainfed paddy fields with 1 km width and with a bélt shaﬁe are
sandwiched by beach-sand dunes. The total acreage of the

existing.paddy field is measured at about 2,800 ha.

One SSIP project named as Khlong Pru Kap Daeng was recently
.implemented in the rainfed paddy area, which constructed a
drainage canal with a tail géte near the confluence point to
the Nam.Baeng canal. The farmer, however, could not well
oﬁerate the gaté, and the drainage canal brihgs an over—drain
effgcﬁ. Consequently, the paddy fleld has became a wild fallow
~area. In the northern part df_the block, the Klaiban
irrigation and drainage ﬁrojeci, one of the medium scale

irrigation projects under RID, was implemented.
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(i1)

The southern part of the Study avea which is called as "lower
block" is located at the south of the upper block as mentioned

before. The boundaries of the lower block are the Naﬁ Baeng

canal at north, the edge of the To Daeng swamp at east, the

ARD road from Ban Khok Tt to Ban Sala Pradu via the proposed
Lower Tidal Regulator at south and the coastal line of the Gulf
of Thailand at morth. The block area is extending oh the both
banks . of Mae Nam Bang Nara. The block shows the similar .
topographical features of the former upper block. The acreage

of 3,480 ha is cultivated as a rainfed paddy field, and lower

"hilly areas of the beach-sand dune are used as coconuts field

and the residential area to avoid inundation or standing water

during the rainy season,
Rivers and Streams

A few rivers and streams which do not dry up the off-season
are found in the Study area. Fxisting small stream or Khlong,
however,. are not yet developed as a drainage canal in the area.
Since in the western block, the steeply sloped catchment area
is included in the drainage area of the streams, the high

runoff ecasily occurs during the rainy season. (For more

information regardiﬁg to this item , refer to Appendix 11)

{iii} Weather Condition

The Study area is in a favourable weather condition for variocus
farming. . The values of teﬁperature, wind velocity and humidity
vary within the moderate range. The rainfall, hOWéVer, is only
one disadvantageous point among various weather items, that is,
the amount of about 60 percent of annual rainfall is observed
in October to December {refer to Figdre 4-32), " When various
facilities on the irrigatioﬁ and drainage system are introduced
in the area to solve such disadvantageous conditious, the

inhabitants in the area would be able to enjoy farm benefits,
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Irrigation Water Requirement
(1) Evapotranspiration (ETo)
aj) _Baéic Data

The major meteorological data to calculate an amount of
evapotranspiration have been collected from the Narathiwat
meteorological observatory as a representative station of
“the Study area, Since sunshine hour data, however, are
-not available during 1981 to 1984, mean values of the
station from 1950 to 1980 are applied.

b) Equation Employed

The Modified Penman method is used to calculate
evapotranspiration rate by using the former basic data.
The reports titled as "Potential Evapotranspiration and
Crop Coefficient for Rice in Thailand" by Mr. Direk
Tongaram, 0 & M Div., RID, 1985 recommends that the Penman
method are most sultable to estimate evapotranspiration
rate in Thailand through the various actual observation

and analysis,

c) Calculated ETo

The monthly evapotranspiration rates are calculated and

shown as follows:

(Unit: mm)
Feh, ‘Mar.  Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
134 155 i53 133 120 121 121 117 112 96 105

The amount of annual evapotranspiration is 1,491 mm (refer

to Table VIII-2-12 in Appendix VIII).
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d) Crop Coefficiént (kc'value)'

The following‘crdp éoéfficients (ke vélﬁé)"of'thé crops

would be used for the irrigation planning. Tﬁe'kc value

for the paddy cultivation is determined based on the -
reports of "Potential Evapotranspiration and Crop

Coefficient for Rice in Thailand" written by Mr. Direk

Tongagram, O & Y piv., 1985 and'fdr‘oﬁhéf'crbps;"thé _

values from "FAD Irrigatioﬁ and Drainage Paper #24", 1977

are used. The ke value of paddy-fahges‘ffdm'O}QS to 1.27,

The following ke values for other diversified crops’

cultivation are applied forzthe irrigation planuing.

ke value By'grbwing‘stage-

Crop beginning - _ peak last
“Sweet Corn 0.41 1,05 ' 0.95
Mungbean 0.41 0.96 0.85
Groundnuts 0.42 1.06 0.55
Vegetables* : 0.39 1,17 0,60
Note: kc valiie of tomato is used as representatlve of ‘vege-

tables. = (For furxther detalls, refer to Figure VIII-2-9
in Appendix VIII)
{i1) Percolation Rate

Percolation rate mainly depends upon the-soil texture of a
field. Soil texture of a paddy field in the Area is clay

to clay loam which shows general percolation rate of 0.5

. to 1.5 mm per day. The other factors such as seepage loss

from paddy dikes, land slope, density of drainage canal

and groundwater table would also be considered "~ The Study

'area is. c13551fied into the flat plain, and the density of

-drainage canal is low. Seepage water, therefore, would be

sma}lér{
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(1id)

a)

According to the observation of percolation:rate by soil

type in the Study area, the weighted average of

~percolation rate of 1 mm per day.has been obtained.

Percolation rate of 1,0 mm per day. including: seepage is

appllied to estimate irrigation water requirement. (refer

'~ to Table VIII-2-13 in Appendix VILI)

Diversion Water Requirement
Diversion Water Requirement for Irrigation Facilities

Unit Water Reéuitement for Design of On-Farm Facilities
Max. water fequirement (MWR) on growing period
Irvrigation requirement 6.2 mm/day (=4.4 x 1.18 + 1)
MWRa = 6.2 x 10 /(86,400 x 0.6) = 1.2 lit/sec/ha

Max. water requlrement on Preparvatory Works

Water depth of preparatory works 220 mm
First application . 85 mm
Second application 85 mm
Last application 50 mm

MWRb = 220 x 10 /(86,400 x 45 x 0.6) = 1.1 1it/sec/ha

Unit-Water Requirement for Design of Canal
The calculation procedures are same as abhove.
MRWa = 6.2 x 10/(86,400 x 0.54) = 1.3 lit/sec/ha _
 MRWb = 220 x 10/(86,400 x 45 x 0.54) = 1.1 lit/sec/ha

Consequently, for design of the on-farm facilities and the
main or lateral .camals, diversion water requirement of 1.2
and- 1.3 litre per sec per ha would be applied,
regspectively.
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b)

Water Requirement for Rotational Unit

The 7~ day'rotatidnql'irrigatibn Syatém would be introduced
to make simple and easy operation of the on-farm

fac1lities by WUG, In: this. case, the flow capacity of 30
litre per sec of a farm ditch wou]d be necessatry for a 25

ha 1otational unit and. 24 1itre pe1 sec for a 20 ha

rotational unit.

il

30 lit/sec
24 1it/sec

7 days x 1.2 llt/SEC/ha x 25 ha / 7 days
7 days x+1.2 llt/sec/ha x 20 ha / 7 days

i

(3) Water Sources

(1)

There dre three kinds of water sources in. the Study area
undexr the proposed irrigation scheme, (1) Mae Nam Yakang
and other tributaries of Mae Nam Bang Nara, (2)
groundwater, and (3) return flow from the paddy field

under irrigation system.
Surface Water

Mae Nam Yakaﬁg which is the 1argést water source for the
Study area and the river is not dried up throughout a
yeaf. Monthly discharge of the river is largely
fluctuated according to the season, The amount of about
60 percent of the annual discharge is calculated during

five months of the main-season from September to January.

‘The average annual discharge is computed at 1, 130 MCM,

The mean discharge of the main-and of - seasong, and annual

mean are calculated at ‘about 60, 15 and 36 cu.m per sec,

 respectively.

The other tributaries of Mae Nam Bang Nara have smaller

.émohnt of discharge than Mae Nam Yakang discharge. The

amounts of seasonal mean diécharge during the above period
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(11)

a)

also are calculated at 76 percent or 40 cu.m per sec in

_the main-seasen, 24 percent or 9 cu.m per sec during the

Q££7§eason,randl22q2 cu.m per sec_throughéﬁt a years
fesééctiVely} _The most streams or rivefé are usuéliy-
dfieﬂ'up during twolmonthé,from_March to April. The
pfqﬁgble droughty dischafge.with'z—fr, Ser, 10~yr return
périéd of Mae Nam Yakang are domputedrat 6.9, 5.3 and 4;8
cﬁ}m-per sec, respectively. (For further details, refer
to 3.34 (2). of Chapter 3.)

Groundwater

In Low-lying Area near Narathiwat

fhe aréa is.geogfaphically located at thé fidod plain or
the lOleying land such as 6ld swamp. Since the Monadnock
sﬁch as Khao Ya Bi and Khao Kong is found around the area,
it is pbssibié fo have Colluvial soil or Granite in the

shallow layers. Therefore, it is supposed to have Chao

-Phraya aquifer, Colluvial aquifer and Granitic aquifer.

The- stable amount of groundwater from this Granitic
aquifer would not be expected, because groundwater is kept
in weathered zone, faults and etc, of the aquifer. The

yield of existing deep wells is less than only 40 1it per

‘min.

On the other hand, the mean yield of existing five wells
in other two aquifers are measured at about 220 1lit per

min in average.
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Existing. = . . .. '__Dréwf

Aguifér' - ‘Deep Well " Depth down ' Yield

‘ : : - : (m) o -(m)“- : (lit/min)
Chao Phraya - MD-3 C2raas ‘15}?3"“ 1514
MD-4 26,53 18.30  113.6
w-101  33.50 - 30%.8
Colluvial S oMp-l04 16175 2.44 3028
Aﬁeragé | : o S 21746

b} In Low~Lying Area near Rangae

The area is also geographically located at the flood
. plain. The Colluvialsaquiférfmainiy exists in the area.
The present condition of existiﬁg deep wells from the

aquifer is shown as follows:

Ekisting B Draw- .

Aquifer Deep Well Depth - down Yield
(m) - o (Ht/min)

Colluvial -4 36.60 8.20. - 37.85
YD=5 : 10,70 . 5.50° ' ' 37.85

YD-6' 21.35 - 1,80 - 37.85

YD-101 19.80 15.20 : 175,70

MD-104 16,75 2,44 302.80

MD-9 25,90 1.30 199,90

Average ' : 115.3

According to the above data, the mean yield of a.deep well
is' estimated at 115 lit per min or 6.9 cu.m per hr, (For
further details, refer to para. 3.3.4 (3) in Chapter 3).
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¢)

(ii1)

In Low-Lying Area near Tak Bai

The area is located at a beach ridge or an old légooﬁ

1nc1uding the Chao Phray aquifer and the beach sand

-aquifer. Groundwater in the beachnqand aquifer is

'unconfined above the saline water, thelefore, ‘much amount

of groundwater to be pumped up would affect other existing

wells in terms of increa%ing sallnlty. On the other hand

'the Chao Phlaya aquifer has already sallnlty, and EC value

of groundwater in existlng wells 1s ranging from 2,000 to

' 3 000 mlcromhos/Cm. (Refer to para. 3.3.4 (3) in Chapter

3, )

'Itrigation Return Flow

When the irrigatibn system is introduced, many water

losses are found. The losses would flow into the dréinage

‘canal however,'this water usually can not re-use for the

area because of topographlc condition that the catch-canal

is located at the lowest portion. In the Study area, Mae
'Nam Bang Nara is’ located at the lowest portion and the
:pumping fac1]1ties would be requlred Therefore, it is

easy to re use water from the Bang Nara storage. From the

v1ewpoint of the total losses of‘&3 percent for paddy
cultivation, return flow rate of 30 perceﬁt to the amount
of iffigation waféf fbr.paddy cultivation would be
considered possible. (Refer to para. 4.3.2 (3) of this
Chapter.)
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(4) Gravity Irrigation Scheme

(1)

(ii)

Water Source

The gravity irrigation scheme is'introdﬁced for the paddy
fields near Ban Kampong Ni'Bong,_Amphbe Rangae, Bécause
Khlong Maru Bo is not dried ﬁp during the dry.séason. The
specific drodghty_discharge of Mae Nam Yakang is used to
estimate the droughty discharge beca@se of the similar
features such as vegetation, topographic condition and
ete. of the both.catchment areas...The estimated probable
drougﬁty discharge at existing weir constructed by ARD at
Ban Ke Ta Mong is 440 lit per sec (5.3 cu.m/sec /[ 724
sq.km x 60 sq.km = 0.439 cu.m/sec). Further detailed

information are presented in para. 3.3.4 (2) in Chapter 3.
Irrigation Service Area

The existing paddy field of about 600 ha is extending in
the right bank.of Khlong ﬁafu Bo and the propoéed acreage
under the gravity irrigation system is 180 ha. The amount
of water requirement is estimated considering the above
both acfeages. The crop intensity of 125 percent and
uplaﬁd crops during the off-season wouid be appliéd,
therefore, the amount of about 270 1lit per.sec for upland
crop can supply from the sald Khlong according to the

following calculations:

- Total irrigation acreage (600+180) x 0.25 = 195 ha

- Evapotranspiration at May 4.3 mm/day
- Crop factor (the max. value is applied) P17
- Total drrigation efficiency 0.43

- Unit diversion water requirement:
4,3 x 1.17 x 10 / 86,400 / 0.43 = 1.35 lit/sec/ha
-~ Total water requirement, 195 x 1.35 = 263 lit/sec
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(111)

Irrigation System

The existing weir constructed by ARD is located 3.5 km far
from the proposed irrigation area by gravity. The
existing intake is ! km downstream from the weir, The
river bed is lower than the invert of existing intake, and
the existing comnecting canals are sedimented because of
poor maluotenance. JIn order to boost agricultural
production in the afea, an intake facility with gates at

the left bank of the weir, a concrete-paved feeder canal

- from the weir, rehabilitation of existing irrigation

canals and its appurtenant structures such as diversion
boxes and crossing structures would be planned. . (Refer to

para. 5.4 in Chapter 5.)

(5) Pumping Irrigation Scheme

(1)

Irrigation Service Area

It has been understood that there would be a contrary in
diverting water of the Bang Nara storage situated at the
bottom of the Study area for dirrigation of the surrounding
high-lying areas in terms of storage's low water level and

small capacity.

Taking inte account an impounding water level of the
storage in view of the lowest gate top of EL +1.1 m at UTR
as well as a probable drawdown of the storage water level
during the critical dry period due to rather small storage
capacity, there would be no potential to perform the
gravity drrigation. The proposed irrigation scheme Ffrom
the Bang Nara water storage, therefore, would depend upon

the pumping irrigation as a whole.



(11)

(iid),

According to the results of water balance simulation
studies, the total irrigation service acreage is estimated
at 9,980 ha (about 62,300 rai) which includes 180 ha of
paddy field under gravity drrigation system. The
breakdown of the acreage by sub-basin 1s presented in

Table VITI-2-10 of Appendix VITIT,
WOG Pumping Séheme

Existing paddy field below EL +2 m on an average @hich is
distributed around the Bang Nara water storage with an
irrigable area of 3,870 ha would be irrigated by portable
pumps utilizing existing small streams and drains, and the
propdsed farm drains as on-farm facilities, revetrsely from
the water storage. A self-priming éentrifugal pump
coupled with gasoline engine with a diameter of 100 mm, a
total head of five meters, an engine capacity of 7 Hp, a
lifted capacity of 1.65 cu.m per min and a weight of about
100 kg would irrigate about 20 ha of a paddy field.

As soon as the. Bang Nara water Storage is esfablished, the
above mentioned irrigable area ﬁould be in a possible
situation to be served by a series of portable pumps when
the WUGs are properly organized and the on-farm work
including fhe pump procurement 1s provided under the
Government technical and financial assistance., This
arrangement would correspond to the plamning and

formulation of a quick-yielding preject.

RID Pumping Scheme

‘Existing paddy fiéld above EL +2 m would be irrigated by

fixed type pumps with some impro#ement of existing small
tributaries and drains from the Bang Nara water storage.
The preliminary laycut of fixed pump scheme 1s outlined

below:
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1/

Service Dilversion— Main and

No. Subproject Area Channel Pump Lateral Canal

- (ha) (lkm) Max.Q No. of Units (km)

(cum/sec)
3/ N _ ' .

1, Pu Ta- : 230 - 0.32 2 5.1
., Khao Kong 3/ 560 - 0.77 2 16.9
. Du Song 880 3.1 1.22 2 20.0

4. Tan Yong Mat 3/ 1,090 - 1,50 3 18.9

5, Khok Ti Te 1,120 - 3.5 1.54 4 32.7

6. Maru Bo 470 4.6 0.65 2 9,4

7, Salai Mai 490 1.3 0.68 2 11.8

8. Ko Sawat 520 - 0.72 2 15.0

g, Khru Kap Daeng 380 - 0.52 2 14.3

10, Ku Cham . 190 - 0.26 2 7.8

Total 5,930 12.5 8.18 23 151.9

1/ ... Deepening of the Bang Nara tributaries from the Bang Nara
h water storage to the puwmping plants,

2/ ... Inclined mixed or axial flow type.

E/ ... From Mae Nam Yakang.

A study'in each irrigable area indicates that 2 sets of
inclined vertical mixed flow pumps with a diameter of 300 to
600 mm, a total head of 5 to 21.5 m, motor capacity of 18,5 to
160 kw and a capacity of 7.8 to 36.6 cu.m per min per set
would be provided. Following this, the main and lateral
canals would be provided up to the outlet into each terminal
serviée uitit with a standard size of 20 ha. The total number
of RID pumping stafions which would irrigate 5,930 ha (37,060
rai) of the paddy field is counted at ten in the Study area.
The three stations named as Pu Ta, heo Kong and Tan Yong Mat
would take irrigation water directly from Mae Nam Yakang. The
total amount of water to be lifted from Mae Nam Yakang is

calculated at 2.59 cu.m per sec in maximum.
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(6)

On-Farm Scheme

(1)

Develepment Method

After construction of the Bang Nara water storage, on-farm
development would be Implemented as éoon as posgible in
the proposed irrigation area to get_duickfyield of

irrigation scheme}

There are two kinds of on-farm development in Thailand
such as "intensive" and "extensive“;' The intensive
on-farm development includes land 1evelliﬁg and
reparcelling of farm plots as well as on~farm facilities
such as farm ditches, farm drains, farm road and related

structures. This developmént has-rémarkablgifeatures that

-all commanded areas are perfectly developed, and

unequality on water distribution would not be found under
good water management. The density of on-farm facilities

is high, and the investment cost.is higher.

_Another. development method has opposite features against

the former one. The low .investment cost, quick<yield, low
0 & M cost would be expected, Education of farmers under
the proposed WUG is important for good water management,
part of ﬁhich would be carried out at the proposed

demonstratidn farms in the Study area,

In conslderation of the present situation of the irrigable
area, extensive development with good water management is
recommendable because of the . traditional land inheritance

system and lower investment cost,
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(11)  Proposed Size of Service Unit

‘Thé-size of a service unit is proposed taking into account

" the number of farmers in a.Muban, a size of a plot and a
fatm'Sizé; ~In" connection with the traditional 1and
inherifance system, the farm size is getting smaller
generation by generation. At present, a farm size of a
paddy field surveyed-is 5 to 7 fai per paddy.fafmer and 3
to 4 ral per mixed farmer. Those farm size is rather

smaller than that of the other area in Thailand.

A-Watér users"grpup (WUG) would be organized in each
Muban in order to make good'watér management. Muban in
the Study area consists of 20 to 30 farm hdﬁseholds,
therefore, it is recommended that a size of WUG is 25 ha
or about 150 ral in average. To determine the staundard
size of a service unit, sample layout of the on-farm
facilities has been carried out on the topographic maps

'sufveyed‘by RID in 1986, considering the existing road,
drain,: village and present land use. The average size of
a:sefvice unit ‘is 20 ha (130 rai) which are ranging from
13 ha (80 rai) to 26 ha (160 rai). (Refer to para. 5.5 in
Chapter 5.)

4.3.3 Alternative Plans of irrigatioﬁ Development

(1

Yakang Collecting Intake

When énough wéter is taken from Mae Nam Yakang, the following
alternative Ilrrigation plan where Mae Nam Yakang is closely
running along Ehe northwest boundary or the highest portion of
the Arca would be considered. A collecting conduit (gallery)
is constructed in order to avoid flow area reductions of the
Yakang river, and an dintake facility is planned at Ban Cha Nu

Rang Bu Ro, Amphoe Rangae or 1.5 km upstream of the railway
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(2)-

bridge over Mae Nam Yakang. The cross- section of Mae Nam
Yakang at the X73 water level gauging station has been applied
for the baSic;dgsign..,Tentative cpst of BZSO‘x_loﬁ;aL 1985
price would.bé‘neceéSafy-for construction and this plan is much

costly. - (Refer. to Table VIII-2-17 in Appendix VIIT )
Groundwater Development
According to the estimation of specific yield for the deep

well, ‘the water amount of.lJO 1it per,miﬁ:would be expected to

be taken from a proposed deep well with an influence radius of

600 to 700 m. When the irrigation facilities of deep well,

submerged pump, aud'farm ditches are provided, the irrigation
area of about 1.5 ha or 10 rai with 12-hour pump cperation .

would be served by groundwater.
2.8 lit/sec * 0,92 lit/sec x- (24 hrg/l2 hrs) = 1.5 ha

The .EIRR of 5.4 percent has been examined-baspdion_the

 investment cost of B277,000 including 20 percent of contingency

and the: benefit of ¥45,000 from upland crops of - mungbean of 0.5
ha, groundnuts of 0,5 ha, tomato of 0.25 ha and chili of 0,25

ha, which would not be feaéible for the farmers. = (For further
details of construction cost, refer to para. II-3-4 in Appendix

I1.)
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b4, b, Intééfatéd}Agricultural Developuient
4.4.1 5beboséd’€ropping Pattern:
(1) cidp Selection '

“In ﬁrépariﬁg the-prébbéed'cropping’pattern; tﬁe gtbwiﬂg sééédn'for
differént crops needs to be ééfefully examinéd. Hafvééting'and blantihg
operations are properly designed to meet the biological requiremeénts of
the rotational cxops. The right timing of field preparation, planting
and pest control operéﬁions often determines the crop yields and géneral
success of the agricultural development. The vegetation cycle of a crop
is also given to filt into the climatlc pattern of the Pféject;éreaz The
proposed cropping pattern would include long and short vegetation cycle
crops. Careful selection of the varieties and strains is undertaken in
order to pick out most suitable ones. However, there would be always a
complication between the erops for suitable planting seasons.

Substitute and complementary crops would often be included,

It is noted that the crop'rotation is essential for effectively
controlling the soil productivity. Alternating appropriate crops in
accordance with a pre—established schedule helps to keep the soil in
good biological conditions, to control the erosion risk, to increase the
s0il's moisture-holding capacity, to provide an adequate supply of the
organic maftété; to prevent the unbalanced depletion of plant nutrients,

and to counteract the possible development of the toxic substances,

In irrigated farming of the Project area, crop rotation helps fo
make ‘the most effective use of the avajlable water resources. The
overall water consumption would be more evenly spread over the whole
year in accordance with the’ requiiements of crops in the rotation, The
higher intensity of the cropping pattern can be achieved by an almost
continuous occupation of the land. The effective irrigation of

cultivated land may last an average of 9 to 10 months a year. Sultable
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rotations would serve to generalize.aﬁpropriate croppiﬁg_qn the area,
When an adequate control of water supply is available and there is no
handicapping agronomic factors, the pléntihg periddrwouid be advanced
well before the ralny season and thus allow a substantial saving of the

irrigatlon water,

Taking into account the above factors, the crops to be introduced
in the Project areé have been selected. These are pa&dy, mungbeans,
groundnut,sweet corn, vegetables, forage crops and tree fruits. Of
these crops, the main-season paddy has been selected for. the following

reasons:

a). the main diet of the people;

b) the crop much familiar with the farmers;
¢} the main crop of existing farmy

. d) the main item of farm products; and

e) the solution of regional'shortégé in rice supply.

In the area with deeper and sandy loam soils in the paddy field, a
reasonable expansion in the area of grouhdnut and sweet cdrn would be
expected when the supply of good quality seed at a price accéptable to
farmers: is imprqvéd. Given better and more staBle prices and'a change
in:farmers.attitﬁdes, mungbeans appear the only_crép wich the definite
prospect for expansion.‘ IE is fairly easy to grow and 1s élready
accepted by the local farmers. When a variety which is proved to be
more suited to the climate and resistant to water and humidity induced

diseases is found, a further expansion could be expected.

Various vegetables would grow reasonably well in the paddy field
with dirrigation, and include cucumber, tomatoes, chili, green leafy
qegétables and so forth. These would be introduced with a bright

fufu;e.,
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Long Kong is oné of the major tree fruits grown in the Project
area. Present supply of Long Kong is imsufficient to meet the local
demand ; and quantities of fruits are also sold to the large potential

markets in Hadyai and Bangkok.

In 3dd1t10n to the above said main crops, it is desirable that the
'forage crops are introduced to malntaln the soil Eertlllty and improve
the ‘goll structure be81des the Supp]y of animal feed. In the'
development’ plan, the forage Crops are propoaed to plant in the area
which is not so suitable for paddy cultivation due mainly to the ‘soil

characteru in the paddy field of EL 2 to 13 m {(Refer to V-2 of Appendix
),

From the viewpoint of the above, main-season paddy, mungbeans,
groundnut, sweet corn, vegetables such as tomatoes and chili as
representiverbnes, tree fruits like Long Kong, and forage crops such as

torpedo-an& para grass have been selected for the Project development.

Meantime, in reply to the RID's request, possibility on oil palm

plantation in:the:Study'area has been examined:

1} There is no commercial croﬁping of o0il palm in the Study area. In
the Pileng'laﬁstettlement scﬁeme, 0il palms are experimentally
plaﬁted in the median étrip of the main road with drains on both
sides. Level of water in drains varies from 50 cm below soil

surface to more.

2) Inthe Study area, annual rainfall exceeds the required minimum of
2,000 mwm but the distribution is not so even with a low rainfall in
the'périod of Februéry to April This would result in moisture
stress affecting bud initiation, sex ratios and hence ylelds,
particularly the peak monthly yvields. As for soils, with the
exception of acid sulphate soils, the chemical or nutrient status

would not pose any real problems, In addition, periodic but
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3)

4)

5)

6)

short-term flooding could be tolerable increasing the age of oil

palms., Irrigation would be usually impracticable except for

maintenance of the water level at sultable depth below soll surface,

Particularly, the minimum area for oil palm development on a
commercial scale would be determined in due consideration of the
efficient process of the fresh fruit‘bunéhes (FFB). Tt is said that
the smallest miil able to provide the paasqﬁable efficiency_wouldlm
18 ton FFB per hour. Assuming an annual yleld of 20 ton FFB per ha,
a peak monthly yield equivalent to 16 percent of this, and factory

operation 1s 500 hours per month, the area which cquld be handled

.would be 2,800 ha or 17,500 rai. If Ehe average yield is 25 ton per

ha, the area would be 2,250 ha or 14,063 rai. Any development
less than this area would result in loss of efficiency and lower

returns to the oil palm project.

Further, ffesh fruit bunches would be processed within 24 hours of
harvest to avoid the build up free fatty acid which lowers oil
quality. This means that the oil palmrplanted area would be larxgely
contiguous to keep the costs of road and connection down with a

radius of 30 km from the proposed mill,

GRBDS has recommended so-called "Nucleus Estate" as being most
appropriate which involves a central estaté to be operated by a
private company or a Government enterprise and also by surrounding
smallholders plantations. Usually 1,500 ha_would_be in. the nucleus
estate which is responsible for its own plantation and the factory;
therefore, the remaining would comprise existing smallholding paddy
aﬁd rubber fafmers. At this stage, it is assumed that there would
be a difficulty in land acquisition from ekisting smallholding

farmers for the nucleus estate, apart from the Forest Reserves.

In_implementing such oil palm.dévelopment project, the

organizational structure for support services is required.

Presently, there 1s no agency with the overall responsibility for

the promotion of o1l palm development.
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7 RefEreﬁce is made to V~2 of Appendix V which introduces some data on
the suitability—of o0il palm plantation in the Study area. These
‘data show that the low-lying ceastal plaih as is seen-in the Study
area would not be suitable taking into account the climatic and- soil

conditions.
(2) Cropping Pattern

The basic concept for agricultural development in the Project area
is to Incréase the production of the main-season paddy and field crop
and vegetables production in such manner that even though' the area is
not SO wide, double cropping would be practised under the proper

irrigation  and drainage scheme.

Cropping pattern has been given taking into consideration climate,
irrigation wafer supplied from Bang Nara water storage and other rivers,
agronomic characteristics, etc. In view of the current Government
pelicy to reduce the rice production due to the depression of its export
and the unfavorable farm gate price, the production of off-season paddy
has not been lhcorporated Into a plan. The propesed cropping pattern is

illustrated in Figures 4-33 and 34. -

With regard to the main-season paddy, the climatic condition in the
Project area is.favourable for its cultivation in fiew of high
tmmmratufe, high relative humidity and sufficient sunshine hours.

Since there is no limiting or adverse factor for germination of seed,
seeding of paddy would be practised at any time. However, setting of
harvested period would be considered so as to exclude the period with
high rainfall intensity and long rainy days for the smooth operation of
harvgst and processing. Plantphysiologically important factor for
attaining high yield of tﬁe main-season paddy would Dbe how to increase

the photosynthetic efficiency of the rice plant,
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As 1s-explained in para. .(11),.(3), 4.2.4. of Chapter ‘4, it has
been envisaged that threee representative varieties of paddy would be
" introduced in the Project. The improved local variety such as Pin Gaw
56 .and E.Khas Puang would be planted in the low-lying paddy field. below
EL +1.8 m being subject to the {nundation thaf would occur under . the
heavy rains with the 5-yr return period in the Project. This variety
would survive under the submergence and:give a usefulinéld after
regrowth. Two'high—yielding varies would be introduced to the paddy
field higher than EL +1.8 m. RD 13 specifically for the Southern region
would be main, however, RD 7 would be'supplementary'cqvefing 25 percent
due to its excellent cooking quality and non-photosensitive tYﬁe in
accordance with the request made by the Government, THe characteristics
of improved varieties are expléined in Appendix. V. The following have
been considered in determining the cropping schedules for these

varieties.

1) Since the RD13 is a photo-sensitive variety, the beginning of
harvesting period is more or less fixed at the end of February in
the Southern Thailand. .In order that the growing period be optimal
the transplanting period should be from the early September to the
end of October. Transplanting which is.undertaken earlier or later
than this period would inevitably result in less than the optimal,

i.e., too long or too short a growing period, respectively.

2) 1In order to relax the peak labor requirement in the February to
March period, the transplanting and harvesﬁing of RD7 can be started
half a month or so earlier because 1t is a nonﬁphbtosensitive

vafiety.

3) Slight modification in the cropping pattern of improved local
: variety vould also be possible as far as the growing period is a
little longer than five months-and transplanting period should not
" be delayed to the extent it might be affected by the flooding.
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As seen in Figure 4—33,-ratio-of the off season fileld érops and
Vegetables cultivation acreage to paddy area would. be set at 25 percent
both in the area of below EL +1,8 m and in the area 0[ EL +l 8-13 m.
This has been worked out in view of the avallabillty of farm 1abor
forcee partlcularly women and ch11dren of the smallholding farmers in
the PTOJect area. The cropped area to be managed by such_workgrs per
householdfwould.be 2 to 3 rai as is seen in Amphoe Waeng where such
crofs are iapge1y grown on newly planted rubber land By landless rubber
Lappers. When an average number of the farm households in one'Muban is
aﬁout 120 and a participating rate of the houéehoids is 80 percent, a
manageable gize of the field crops and vegetables.cultivation‘in each
Muban would'be 32 to 48 ha in total. This figufe is comparéd with an
average size of thé pgddy field in each Muban (about 155 ha), resulting
312l=t0"30 percent of the off-season crops againét 100 percent of the
paddy cultivatién during the main season. Reasons for setting the
proéosed crqpping intéﬁsity at 125 percent are detailed in V-2 of
Appendix V. When the off-season upland crop cultivation is not properly
reguléted, such crops would be distributed to rather scattered land and
it would become difficult to distribute drrigation water because of
large conveyance 1058}. It would be ideal to achieve a collecﬁive
mﬂtlvation of such crops on the b351s of a Muban COOprBtht service
unit taking into account the special land-lease arrangements within such
Muban which could lead towards a ‘possible promotion of the better
coopefative movement.and a unique creation of the mutuél aid system in

the lowest level of the administrative system.

It is enviéaged that the_newly irrigated off-season field crops and
vegetables of 2,480 ha would be tentatively composed of 25 percent of
sweet corh, 25 percent of groundnut, 25 percent of mungbeans and 25
pe;Cenﬁ of vegetables taking into account the.availability of farming
labor gﬁd the possible.mérketing of.such products to the neighboring
Malaysia apd Hadyai. Vegétables have been also classified into two,
viz. tomato and chilli as typical ones for the planning purpose in the

proposed.agricultural development of the Project.
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Figure 4-33 CROPPING PATTERN WITH THE PROJECT
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Figure 4- 134

CROPPTNG PATTERN WITH THE PRQJECT
(For Field Crops and Vegetables)

2,
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Czapping pattern for paddy cultlvarion is {1lustrated separately.
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In additlon, the perennial green mowed forage crops such as Torpdﬁ
and/or Para Grass have been allocated to 2 percent of the total paddy
fleld or 200 ha under 1r1igation taking into account an average
distribution of 3 ha per each of about 80. percent of the Muban concerned

‘on the basis of Muban cooperative operations

Tt is also intended that the pfomieing_frdit_such as Long Kong
which would not be.direcﬁly irrigated could'be‘introduced on the basis
of Muban cooperative cultivation with an eVerege area of one ha per each
of about 80 percent of the Mubans concerned. This fruit planted area of
60 ha in total would oe converted from the present communal copse-wood
* land where a higher groundwater table would be kept in the viéinity of

the paddy fields which are irrigated during the main-and off-seasons.

Table 4-11 shows the proposed cropping acreage by crop in the

Project area.

Table 4-11, Proposed Cropping Acreage

WUG Pumping : RID Pumping and
Irrigation Scheme Gravity Irrigation Scheme Total %
Stage I Stage I Stage IT Sub-total B
(1) Paddy Field : : ' .
Total Area 3,870 1,240 4,870 6,110 9,980 100
Main-Season paddy- ; : :
Improved Local 3,370 .- - - 3,370
HYV (RD 13) 364 903 3,543 4,446 4,810
HYV (RD 7) 121 300 1,179 1,479 1,600
Sub-total 3,855 1,203 4,722 5,925 9,780 98
Off-Season Field Crops and Vegetables
Seet Corn 241 77 302 379 620
Mungbean 241 77 302 379 620
Groundnut - 241 77 302 379 620
Vegetables o242 - T 301 378 - 620
{Tomato) (121) (38) (151) (189) (310)
(Chili) ooy (39) (150) (189) (310)
. Sub-totel e 965 308 1,207 1,515 2,480 25
C Perenuial Forage Crop5' . C
Torpedo/Para Graes 15 37 148 185 200 2
- Total .. &, 835 1,548 6,077 7,625 12,460 125
(2) Orchard to be converted from Muban Copse Land
- Long Kong 23 8 29 37 60
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4.4.2. Projected Crop Production

(1) TIwproved Farming Practices, Input Requirements and. Supply

Along with the completion of the year-round irrigation system, the

present farming system would be fmproved through the introduction of

modern farming techniques. It is reasonable and practicable that such

improvement be carried out step by step 1n the Project area. The

following lmproved farmings would be applied as the first step:

a)

b)

¢)

d)

e)

£}

Introduction of high-yielding varieties of‘ crops, especially paddy,

suited for the Project area.

Application of fertilizers and such organic manures as compost and

green wmanure.
Application of pesticides,

Utilization of improved plough for deep ploughing to promote the

growth of plant root.

Utilization of such small-scale farm machines which can be operated
and repaired easily by farmers as power thresher, hand-operating

sprayer and duster.

Timely sowing and transplanting to meet the given natural

conditions,

The projected production would only be realized when the extension

services are positively carried out and the necessary inputs are always

available to farmers,

4-143



a) Seed

Improved seeds are a precondition for achieving high yields of
paddy , and the timely arrangements would be made for its mulfiplication
in and around the Project area besides Patthalung. These seeds to be
newly multiplied would be-produced and- distributed prin@ipally through
the agriculﬁural'extension systems, - It is noted that seeds of
vegetables, especially hybrid seeds could not be multiplied on Changwat

level for the time being and would be arranged at national level,

For the paddy.cultivation, 35 kg per ha of. improved local variety
seeds would be needed mainly due to the non-superior quality and as for

HTV seeds 40 kg per ha,

As for seeds of rice toierant to acidic water and soil, since half
a decade, necessary studies have been carried out in DOA, Bankhen as
well as rice experiment station, Patthalyng. . According to the
information obtained from the above, presently the experiment 1s being
continuously conducted, but the final result is not obtainable at this

moment .
b) Fertilizers

Application'of fertilizers would be In the form of high-quality
fertilizer with a subsequent top dressing of Urea, The recommended
rates for achieving respective paddy yields of three kinds of varleties

are ag follows!

Improved'lbcal variety (photosensitive):
Target yieid: 2.8 ton/ha
"Required amount of fertilizers:
60 kg/ha of Urea
60 kg/ha of Sﬁperphosphate
- 30 kg/ha of Potassium Chloride
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YV (photosensitive):
3:4 ton/ha
Requfrédfdmﬁunt of fertilizers:
60 kg/ha of Urea -
60 kg/hh of Suﬁefphosphate

Target.yield:

30 kg/ha of Potassium
~ Chloride

‘HYV (non~photosensitive):

3.7 ton/ha
Required. amount of fertilizer:

70 kg/ha of Urea

Target yield:

70 kg/ha of Superphosphate
40 kg/ha of Potassium
Chloride

Therefore, seasonal fertilizer requirements in the Project area would be

worked out at 603 ton of Urea, 603 ton of Superphosphate and 309 ton of

Potassium Chloride.

On the other hand, the recommended vate for achieving respective

ywlds'of field crops, vegétables, forage crops and fruit ave as

follows:

Mungbeans:
Target yieid: 1.2 ton/ha
Reqﬁired amount of fertilizer:

180 kg/ha of compound (12-24-12)

Sweet corn:

Target yield: 3.0 ton/ha

Required amount of fertilizer:

150 kg/ha of compound (16-20-0)

Forage crops:
Targét°yieid: 40 ton/ha (fresh)
| 5 ton/ha (dry)
Réﬁuired amount of fertilizer:

40 kg/ha of Urea

Groundnut:
Target yield: 1.8 ton/ha
Required amount of fertilizer:

160 kg/ha of compound (12-24-12)

Vegetables:
Target yield:15 ton/ha
{as fresh tomatces)
Required amount of fertilizer:

250 kg/ha of compound (15-15-15)

Tree frult:

Target yield: 4 ton/ha
{as Long Kong)
Required amount of fertilizer:

15 kg/ha of compound (15-15-15)

25 kg/ha of Superphosphate
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(2) Production Potential

Recently, the Project area is éonfronted with the p;qblems_of
agricultural economics in transition. Agricultural.prodﬁctibn,ron the
whole, .is characterized by the production in efficiency_whiqh manifesteq
in terms of low ylelds and a low adoption of mpdé:n production

techniques although'the production 1s being improved to some extent,

In the Project area, the agricqltural sector is composed of about
8,680 independent farm families. The cropping system cufrently
practised has been adopted and adapted to the local circumstaﬁces over
years and formed the ways human beings organize the factors of
production in order to produce the agricultural commodities. Judged
from the field survey, it is considered that potential for agricultural
development is rather high, especially effect to be derived from

drainage improvement.

Implementation of the Project would lead to a more intensive
cropping pattern and higher yields. Under the Project, the cropping
intensity for existing paddy field would increase from about ?O.percént
at present to 125 percent., Without the Project, there would not be any
significant change in cropping intensity, since the opportunities for
privéte irrigation are quite limited. The introduction of dry season
field crops and vegetablés on a large scale would require important
changes in cultivation techniques, such as the increased use of
- preemergence herbicides to :eduée hand weeding requifements, the

expanded use of fertilizers, and better insect control,.

In the projected paddy cultivatigﬁ grea_ampunting to 9,780 ha,
local improved, improved and high-ylelding paddf varieties would be
introduced in the wet season, so that the unit yield would be improved
at a-levei from 2.8_t§ 3.7 ton per ha , and the production.would become

stable after completion of the Project,
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Estimated yields at full developméent under the‘Projeét are based on
current yields being achieved by few farmers in the Project area who
have access to irrigation and on results obtained from the agricultural
experiment stations concerned at Pattahlung and Hadyai (Refer to V-2 of
Appendix-V). The projected ylelds also take account of the heavy
extension effort to be. provided as part of the Progect. .AS a result of
the emphasls on extension work, it is cxpected that full productlon

would be reached in five years after the devclopment of on-farm work.

The rubber planted in the flood-prone area is currently
water—logged for part of the year with cousequent reduction in ylelds.
Under the Project, drainage development is plaﬁned in this flood-prone
area where many rubber trees are partly grown and its préductiVity is
rather low, so.that the rubber produétion is expected to increase.
According to.the estimate, the rubber yield over the flood~prone'area
would be reached at the level of 960 kg per ha on an averate in the case

of the With-Project.

Table 4~12 shows the expected target yield and total crop

production by erop 1n the Project area.
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Table 4-12. Agricultural Pro&oo;ioﬁ}without‘and with the Project

R B SRR ‘(Unit: ha)-
.Planted "Area Yicld Production R
" Without w1th Without With Without With Increase
BN (ha)g: (ton/ha) s (ton) :
Main Season Paddz _ : : C R :
Irrigation and Drainage Improvement T _;}:5,:‘_ o
* :'7,018-:9,780 09,7660 031,710 21,944
(Looal_lmproved){ (2_366)&3 370) (l 3y (2, 8)(3 076) (9 436)‘_ 6,360
(HYV-RD 13) © (3,489)(4,810) (1.4) “(3.4)(5,018) (16, 354) 11,336
(HYV-RD:7) - (1, 163)(1 600Y - (1 4y (3. 7)(1 672) (5 920) 4,248
Drainage Improvement Only . : _
_ 354 354 1.3 1.7 . 450'__ 602 142
Total o T5372.:10,134 0 10,2264 0325312 22,086

Rubber (Drainage Improvement) _ R TR
65250 6,250 Q.71 0, 96 4 438 '6;0001 1,562
Off- Season F1e1d Crops -and Vegetables (Irrlgatlon) -

e 01,8600 1,860

.Sweet:Corn' : e -620f—" - 3.0.¢

Mungbean - = 620 . = 12 - 744 744

Groundnut - 620 - 1.8 = 1,116 1,116

Vegetables ‘ = 7 620 o SN . CR

(Tomato) : (=) (310) (~) (15.0) (~)  (4,650) (4,650)

(Chill1i) , (=) @0y (=) (12.0) (=) (3,720) (3,720)
Total 2,480 ' .

Perennial Forage Cfop (1rrigation)
Torpedo/Para Grass - 200 - 40,0 - 8,000 8,000
Tree Fruit

Long Kong - 60 - 4.0 - 240 240
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(3) Demand - and Supply of Rice
For the estimétion of marketable surplus of rice, the balance of
demand and supply of rice in the Study.area is examined on the basis of

following Assumption:

a)- Waste and seed rEquiremehts are taken as 18 percent -of total

“production of paddy.
b) Milling recovery rate from paddy to rice is 1:0:66,

c) Annual per capita consumption of rice is 160 kg taking into

consideration the FAQ estimate.

Paddy production ' 34,219 ton

(Without the Project 12,133 ton)

' : ~—- refer to para. 3.4.4 of Chapter 3.
(Increase with the Project 22,086 ton)
~~— refer to Table 4-~12.

Sé'ed' and -'Waéte S 6,159 ton
Rice supply - o 18,520 tom (A)
Projected population 76,260 at full development
Rice consumption - - : 12,202 ton (B).
Surplus of rice (A-R) 6,318 ton

In the Study area, surplus of rice is expected after completion of

the Project:

4.4.3, Agricultufal Support Services
(1) Demonstration Fatms

(a) Objective

The demonstration Ffarms proposed in the Project is to demonstrate
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advanced farming management as well as improved irrigation farmiung

practices.
{b)  Function

Irrigation farming techniques as little known and scarcely
practised would be promptly introduced in the Project area.through
proper implementation of the demonstration farmé. The main .objective ig
to disseminate to farmers mew irrigation farming techniques through

their own cultivation;

*Farmers accustomed to the traditional farming are not always
utilizing improved crop varieties, anﬁ dre not fully applying
fertilizer and agro-chemicals in the most effective way.
Practically, . they need to'Be shown what kind of‘improvedlvariefies

. are most adequate for the Project conditions, and what is the
proper use of fertilizer and agro-chemicals, and their effects on

the farms,

*Farmers in the-Project area have been rather careless about water
control and management on their field. Side by side with
infrastructural implementation, particularly in ifrigation and
drainage facilitles, they need to learn how to save irrigation
water through intensive water control and how to use it more

effectively through proper water management.

*Upland crops in the Project area were produced to lesser extent
primarily for the cultivators' own domestic consumption, excluding
some industrial crops like tobacco. Continuous_irrigated
cultivation of the marketable crops as offered in the Project would
cause conspicucus problems. Crop diversification and rotation
practicéé aré important and valuable for farm economy as well as
soil and watef conservation. Desirable crop rotation would be

demonstrated to them.
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(c) Selection of demonstration farm sites

As soon as the general framework and arrangement for implementation
and development of the Project is finalized, a definite selection of the
demonstration farm sites would be made. The following criteria are

jmportant in this selectiont

i, Demonstration farm sites must be placed in respective Amphoe

taking into account the easy reach of all Project farmers.
ii. Irrigation water must be available throughout a year.

iii. Already available services including agricultural extension

service must be fully integrated,

'iv. The site chosen must be also suitable for building the related

facilities.

v. The site must be chosen in such way that the farms would be

useful for the technique dissemination.

vi. The final location should be made only after a detailed

topographic and soil survey.
(d) Location and size
It is proposed that three demonstration farms would be located in
Awphoe of Muang Narathiwat, Rangae and Tak Bai, respectively, The place

and size so far examined and discussed In this Study are as below:

No. 1 Ban Ku Ra So Demonstration Farm (13.8 ha)

Tambol lLamphu, Amphoe Muang Narathiwat

No. 2 Ban To Lang Demonstration Farm (23.5 ha)

Tambol Tanyongmilo, Amphoe Rangae
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No. 3 Ban Cha Ro ngonstration Farm (26.1 ha)__
Tambol Phraiwan, Amphoe Tak Bail

(e) Facilities, supplies and materials
The proposed facilities consist of the following:

¥acilities: _ L
.Irrigation and drainage on-farm work and waterx édurce
facllities

Supplies and.materials:

Fertilizer, agro-chemicals and seed
(£) Operational layout

The management of an irrigatibn and drainage p:ojéct can be vested
with many responsibilities for promoting theltéchniéal énd economic
prosperity of all the farms, They are demonstration and extension work
providing for the farmers' credit and marketing facilities.
Demonstration is essential for detérmining different agronomi& features
important for irrigated_farming. Factua1 information would.be made
readily available to the farmers who are prepared to apply them without
delay. This involves efficient extension agents with seﬁeral highly
trained staff of teéhnicians whose task is not only to bfidge the gap
between the trial services and the farmers but also to ensu?e that the

farming operations are performed in time and up to standard.

In operating the demonstration farms, éspecially the following

matters would be considered:
*to collect technical information and diffuse them to the farmers.

#to demonstrate intensive irrigated farming,

4-152



*to demonstrate rationalizéd water'managément and minimize the

irrigation cost.

xto promote and organize farmers' group for strengthening of the

demonstration farms' activities.

*to do best to receive farm inputs such as fertilizer and

agro-chemicals at lowest cost,

On the basis of ths above, prior to the commencement of
constructing the demonstration farms, a necessary organization and
procedure requnéible for the operation would be éstablished. Reference
is made to parat7r2 of Chépter 7 where a Special Task Force Unit is
proposed to ofganizé'in the Projéct. The agricultural extension staff
in the Special'Task Force Unit would-pay extra attention to the supply
of all inputs to thé dembnstratiou farm areas includihg'seeds,
fertilizers and pesticides as well as the'electricity chargé'tonoperate
the tempdfarj deeﬁ wells., With respect to the supply of inputs such as
fertilizers and pesticides for the demonstration needs, it is suggested
that the distribution of such commodities to be procured under the
Japanese Grant Aid forilncréaSiﬂg Food Production (so called "KR II
Ai&ﬁ wéuld:take advantage of lover price for the Project in Changwat
Narathiwat. The fertilizers are currently distributed by MOF, while thé
pesticides by DOAE. The Specilal Task Force Unit would supply all the
above mentioned'inputs at his own risk, and such cost woﬁld be

reimbursed by the relevant farmers after their harvesting.
(2) FExtension and Research

Extension

When the Project area is to make a better contribution to the
economic development of Changwat Narathiwat, the agricultural extension
would be gfeétly expanded. Within the limitations in which they work,

the Narathiwat farmers achieve fair results from their labors. To make
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farmers understand new know]edge and techniques, each extenqion agent
would employ effective extension and guidance methods, and for this
purpose, he would accumulate experience., When the extension agenL
dispatched to the Project comes to know the gsituation of this area, ‘he
would be inevitably attracted what seem to be the farmers problems, and
he would think of approaching farmers- to ask them about their Jnterest
He would also try to know the level of knowledge and techuniques required
for solving such probleme. To attain the ﬁighest poesibie effect fme
his activities, the extemsion agent woﬁid most probably have fo “contact

individuals separately for guidance activities".

The basiec extension 15 a.systematic treiﬁiﬁg program’to be
conducted by the extension agents, espec1ally the Muban level extension
agents to be combined with frequent visits by them to farmers fields,
The system would be organized to give the intensive tralnlng in those
specific agricultural praetices and recommendatiens reiating directly to
farm operations during a given week or fortnight, The training and
visit syetem is the most importantSexteneion method to be used by the

reorganized extension services.

The number of farm families fhat one exteﬁsion ageﬁt covers varies
considetably from place to place depending, among other'things, on the
density of ﬁepulation, the road conditions, the inteheity and standard
of cropping, and the fypes_end diversity of crops groﬁn. In the area
where {l) the pepulation deneity is high with many small farmers living
close together”and (2) the eropping intensity is faifly low.and.only a
few main erops dominate agricuiture, a ratio of one ektension.ageﬁt for
800 to 1,000 farm families would generally be adequate. When:the'
population is more widely dispersed, or agriculture is more intensive as
in the demonstration farm and its vicinity, a ratio of one extension

agent to 500 farm families would be more effective.
To_eﬁsUrerthat the prject has_sufficieﬁt manpower to fulfill its

accelerate& egriculturel exfeneion reSﬁonSibilities during the initial

peripa ef itsrimﬁiemenﬁetioh, DOAE would need_to appoint about 17
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additibhalféktehSibh workers (Kaset Tambol) who would be Familiar with
the irrigated éériéﬁltu}e'as envisaged in the Project, on the basis of
the progréﬁﬁe which would provide one extension worker for about 500
farm families. 1n tﬁe present absence of guch extension workers in the
Project area, some of the qualified staff would be récruited from other
regions in the initial stage; however, it would be imperative to train
¢he staff who can speak Jawi and take good communication with the
largely Muslim farmers in the Project. The Special Task Force Unit
would be fesponsiﬁle for 6n¥the—job‘training or guiding of such required
extenéianWOrkers by applying the demonstration activities at three
sites and dther opportunities in the regional training center or another

suitable training facility.

Extension advice would cover the entire production cycle:including
(1) selecting appropriate seed varieties and seed sources, (2) obtaining
institutional credit at reasonable interest rates; (3) maintaining a
correct, weed-free plant stand; (4) selecting appropriate fertilizers
and pesticides and applying them correctly; (5) preliminary processing
of outputS'to 4 reasonable standard quality to ensure marketability.
The extension workers would be trained to take a whole farm approach to
extension; hence, their recommendatlons would be finely turned to suit
local circumstances. In addicion, the extension staff would have a
proper training or guidance in the Pprepared agricultural development
planning in the Project under the positive coordination of the Special

Task Forge Unit,

Extension worker, together with the muban authorities and the WUG's
key staff, would select about 10 contact farmers from among the farmers
vho are reéﬁectéd'by their neighbours, who are receptive to improvements
in agricultural techniques, but who are not always rich farmers with
extensive holdings. The extension worker would work mainly with contact
farmers during his scheduled weékly or biweekly visits, but all farmers
would be invited to be present. During his visit, the extension worker
would demonstrate to them the practices which are followed before the

next scheduled visit and assist the contact farmer in laying out a
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demonstration plot., After each_visit, each contact farmer would be
responsible for Imparting the recommendations to his neighbours or
relatives with whom he has contact on daily basis and often works

cooperatively.

Every fortnight, the extension workers and Amphoe exteﬁsion
officers would attend a one-day technical instructlon session at an
Amphoe Extension Center or Office of the Special Task Force Unit which
would be conducted by the subject matter gpecialists and other experts
when required and available. To foster close cooperatioﬁ and becdme.
familiar with other agencies involved in farming activitiles in irrigated
areas, staff of the Special Task Force Unit and othex égencies such as
LD}, DLD and BAAC would be invited to participate in the above mentiocned
sessions., The session would mainly cover the practical information to
be imparted to the farmers in the next two weeks,'mofe particularly,
beginning with a review of the last fortnight's experiences and a
lecture, followed by field work when participants would go through all
steps of the recommended techniques and finally group discussions. The
extension workers would also attend seasonal instruction sessions to

plan approaches for improving the subsequent cropping cycle.

Each of the extension workers would be given the opportunity to
obtain a motorcycle on a hire-purchase agreement to ensure the mobility
.required to meet the schedule of field visits and on-the-job training at
the demonstration farms., DOAE and tﬁe Special Task Force Unit would be
provided with a total of 39 vehicles including 2 station wagons, 29
motoreycles, 3 pick~up trucks and 5 flat bed trucks which would be used
to transport personnel to training sessions and field days as well as
training personnel and materials, and demonstration equipment, inputs

and materials.

- On completion of the development phase of the subprojects, the
regular excension service would revert to the established DOAE
boundaries, As is scheduled in Figure 7-3 of Chapter 7, the accelerated

agricultural extension services would be terminated in the Project year
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16 with the completion of five year-irrigation development for 18
rertiary units or 357 ha for which the on-farm work would be constructed
in the Project year 1l. After this, more intensive services wodld also
pe Funded from the regular DOAE budget. Continued close cooperation
petween DOAE and the Project implementing agencies especially RID would
thus be maintained, so that adjustments in the operation mode or in the

staffing ratios could be arranged when necessary.
Research

DOA is responsible for research on rice. According to DOA,
Bangkok, the rice vesearch has been regionalized with a regional station
at Patthalung and its substation at Pattani. DLD is responsible for
soil survey, land classification, formulating land development propoéals
and research. on problem soils. Currently, DLD is active in carrying out
more detailed soil surveys in the Study area, especially in potential
acid sulphate and organic seil areas, and is conducting soil management
study. Turthermore, the educational and development center of Pikul
Thong located in Amphoe Muang Narathiwat is responsible for wvarious

researches on soil and crop, especially rhose in swamp areas.

Judged from the present research and survey work, the following
research and survey work are considered necessary for paddy production

in the Project:

a) Intensification of rice selection and breeding to develop varieties
better adapted to the low-lying area being subject to inundation
and tolerable to acld soils taking into account the insect and

disease control.

b} Fertilizer requirement by soil type and optimum rates of N and P

application to maximize farm profits.

¢) - The extent, severity and nature of acidification,
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Input supply

Availability of high quality seeds or plantihg materials is rather
low in the Project area, but such a status is expected to be gradually
improved-through the joint efforts of DOAE and MOF, Of these
departments, MOF provides a fuwid to purchase and distribute seed with
the assistance of extension workeérs. ~Presently, fertilizers and
agrochemicals are mainly pﬁréhased from local traderé, but in the
future, it is expected that agricultural cooperatives and farmers'
associations, through MO¥, become increasingly important as suppliers of

inputs.

Credit services

The major institutional source, BAAC supplies at present only a
small percentage of available credit, but its role would increase under
the Project. The BAAC's.lending criteria would be reasonable and it is
in a financially sound position. Assuming 40 percent of all cash inputs
to be financed on credit, the credit needs of the farmers are expected
to rise to B 16 million at full development. To ensure that these needs
would be adequatély met, BAAC would increase its trained staff at
Narathiwat branch office; and make available such funds.both short-ternm
and long-term as needed to meet the credit requirement of the farmers.
The issuance of land titles would remove another problem of the farmers'

eligibility for the BAAC credit.
(3) Storage, Processing and Marketing
Storage

The large increase in the main-season paddy production would
present a storage problem. To put the farmers in a more competitive
position in the marketing system, it is propoged that the bulk of

increaSed_storage'would'bé provided at the farm level. A program would

be initiated to upgrade the existing farm storage and provide for
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construction of new storage which is wood-made, Some further study of
storage needs at full development would be carried out for the

Prospected field crops, vegetables and fruits.by the Project management.

processing

In deﬁelbping:crop procesSiﬁg, first of all, four essential factors
of the p%oduction would be considered including 1) raw material, ii)
labor, i1i) market, and iv) capital, Judged from the present and
future situations of the Project, the processing in this area would not
need to be deVeIOped solely in view of getting more cash income from
outside markets, and it would be encouraged to satisfy the self-
generating demands in the locality for its general productivity
increase. The above-said processing would be developed in a way
complementary to the success of a community.development scheme which is
¢losely bound to agricultural economy of the Project area. Also it
wmﬂd.bé.operatéd thtough participation of all the farmers in the area
on the principle of equitable distribution of its fruits among the

farmers concerned,

Processing to be developed in the Project area, therefore, would be

conveniently grouped into two :

i) those which would be operated throughout a year requiring no

particular factories nor machinery; and

ii) those primarily concerned with the processing of locally available
farm produce from season to season — simple plant and equipment of
the cottage industry type and labor organized to a certain degree

would be required for their operation.

As mentioned repeatedly, the present crop production is low due to

loy production efficlency. Land utilization for cash crop cultivation
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is rather on marg:nal areas around houses and on. few commercial

plantation. Thus, marketing system is grossly deting.

Aside from the paddy, rubber and fOIage crops, the proposed
irrigated field crops and vegetables to be cultivated in the Muban
cooperatlve manner during the dry season would congist of mungbeans;
groundnuts, sweet corn and vegetab]es taking into Aaccount the possible
marketlng of such cash crops to, the neighbouring Malysla through
exlsclng-outlet_atrSg, Kolok and on-going development of the Taba/Tak
Bai,foreshore witn the ferry rerminal as-enplained inopara.3;5.2 of
Chsgter:B and also to Had&ai_in addition to the home consumption in the

Project area,

It is considered that the key problem that would frustrate the
proposed field CTop and vegetab]e cultivatlon scheme durlng the dry
season would not be markets but marketing The following three
principal conditions have been identified so far by a number of the

studies:

a)  Awareness of the markets:
- Farmers and agricultural extension workers are not aware of

the demand of 1oca1, regional or national market outlets.

b) Awareness of the productlon potential
Mlddlemen and processors are not aware of the bumper

production potentials in the irrigated area,

) ,Quality control , . .
.Commodities produced by farmers in the Government operated
irrigation project are of low quality_being unacceptable to

all but local markets,
.'Farmersﬁgenerally_lack_the knowledge of quality standards;

Ehergfdre?nsinggrthe produce,quality_is‘iow, the prices offered are also

':19?3_1f?fmer$;ﬁypicelly:nanr to sell at the seasonal produotion'peaks,
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resulfing in lower pfices. Farmers pafticularly_have_little knowledge
of tﬁe post-harvesting techndioéy.which can cleah, grade, drf.and store
the“harveﬁted CropS‘to~fetch‘better.market priées;:fFarmers:a;aﬁnot
propefly'ofgaﬁizédﬂto offer a coﬁéistent;.adeguate.voluﬁe of,faw. ,
materials‘to the processors.and middlemen who depend. upon_ such supplies.,
Two principal inétitutioﬁszofithe Government support for marketiﬁg
aétivities-such as5the Public Wérehouse-Orgaﬁization'(PWO),énd the
Marketing Organizatibn f0: Farmefs (MOF) would appear to_be ineffective
in dealiﬁg with these problems.. In 198!, the Governmént established.a
joint Public-Private Sector Consultative Committee to assist-the private
sectqf in ‘solving the rural marketing problems as pointed.out above, and

it has'given 1ittle-impact at the field level  to date.

1t is ptbﬁoéed'fhét a programme to create better‘links_betwéen the
cash crop production to be anticipated in the Project and the existing
marketing system ﬁpuld be launched under the leadership of the Project
.Chaﬁgwat Developrient Committee to be supported by the Project Central
Committee to ensure that the field crop and vegetable cultivation during
the dryiséason'as'envisagedfin the Project could be promoted and

continued. ' The programme would be composed of three factors:

a) Research to identify traders and potential investors,
marketing channels and. price patterns in local, reglonal and

export markets.

b)  Marketing extension to develop, among the agricultural
extension workers and the farmers, an awareness of markets,
marketing techniQues and advantages of practicing mixed
farmers with marketable cultivation period which would be done

primarily through the training.

c) Market development activities to meet the needs of private
" investors and encourage their participation in alleviating the
marketing problems of such cash field crops as proposed in the

Project.

4-161



(4)  Rubber Planting Scheme

Rubber replanting in Thailand has been in‘progresé for more than 15
years, and it is assumed that the majority of'rUbber.growers-sée the
advantages of successful replanting with high.yielding varieties,
According to ORRAF, Bangkok, 0.48 million ha . or 34 percent of the total

rubber growing area in Thailand has been replanted since 1961,

If the current rate of replanting (21,600 ha per year) continues,
it would take at least 16 years to complete replanting of 35 percent of
old mature unselected holdings. By that time the_remaining.GS percent
of young mature holdings might have reached the replanting age. It
would thus require another 30 years to complete the replanting of this

last category.

A project for acceéleration of rubber replanting proposed by ORRAF
aims at increasing the rate of replanting from 21,600 ha per year., This
rate would enable the project to maintain the economic life of rubber
tree to a 30~yr replanting cycle. This optimum rate of replanting is
undoubtedly desirable for a number of reasoms, but unless the better
responses from smallholders to the new project are apparent, it would
not be fully successful, Although rubber replanting in Thailand has so
far been successful, the rate of replanting is low at about 1.5 percent

per year compared with those in other countries.

According to the field survey, the rubber planted area in the Study

area amounts to 8,320 ha 1n total:
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-_Table 4-~13, Rubber Acreage by Amphoe in the Study Area

(ha)
Muang -~ ' ' . B
Trem Nara%hiwat Rangae rak Bai Yingo Topal
Total 3,010 - 4,590 - 320 400 8,320
oung 695 1,372 108 52 2,227
young in tapping 1,277 2,346 175 330 4,128
o0ld 1,038 872 37 .18 1,965

e

Finally, it is noted that the rubber smallholders have two main

constraints towards the existing rubber replanting scheme:
a) TPhnysical constraints

The main physical constraints to replanting would be terrain and
communication. In the Projéct area, more than half of rubber holdings
are in high-lying areas, and some are often far way from the houses
where owners and tappers live., Such areas are difficult to work on and,
therefore, extra costs are involved in clearing and terracing the sloped
land. TIn many areas, communication is only possible by foot, bicycles
ot motorcycles and this is time consuming. Transportation of heavy
loads such as fertilizers is almost impossible and costly. The ORRAF
grant, however, does not take into account all the extra costs necessary

to complete the dinitial stage of replanting.
b} Fconomic constraints

Economic constraints to replanting would be classified into five,
i) availability of land, 1ii) labor, diii) capital, 1v) profitability,
and v) entrepreneurial skill. For example, a smallholder who
participates in the replanting scheme would decide upon fhe alternative
sources of income during the immature period of replanting. A large
holding on the 6ther hand, would be able to organize its replanting
schedule, so that sufficient cash is always forthcoming from other

hature rubber in tapping.
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In line with the drainage improvement for current rubber ara under
the Project, an accelerated scheme of the replanting for the trubbers
that are unselected seedling materials of low yield potential and
over-aged has been examined. The discussion with ORRAF, Bangkok, has
indicated that such need as mentloned above would be absorbed with the

operational procedures of the ORRAF national rubber replanting project,
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5.1

CHAPTER 5 PROJECT FACILITIES

Tidal Régulators

5.1.1_-Site Topography, Geology and Soil Properties

ey

1)

2)

Upper Tidal Regulator (UTR)
Topography'

UTR site is located approximately 6 km upstfeam of
the Narathiwat estuary in Mae Nam Bang Nara, The regulator
site indicates an elevation of around +1 ﬁ and is almost flat.
Small éﬁreams are formed here and theré_and the site is swampy
in some parts., The xiver width at the Bang MNara closure site
is approximately 200 m. Granite is seen outcropping on the
river bottom near the Sapi Yo closure site. Topographic map of

the UTR slte is shown in Yigure I¥X-~1~1 of Appendix IX.
Geology
Profiles

.Geological profiles are shown in Table 5-1. The
geological cross—sections of the proposed sites for regulator
body, closure dam, etc. are shown in Figure IX-1-3 to IX~1-5 of

Appendix IX,

S0il Properties

Soil properties of each layer are explained in Table 5-2,

in which the following conditions have been given:

Al
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(2)

1)

Bulk density -—— empirically obtained from the soil

classification and N-value.

Cohesion --- obtained from N-value ‘according to the

Terzagi's formula (C=N/16).

Angle of intermal friction -—- obﬁained from'N—ﬁalue'
according to the Peck's formula (4 = 0.3N
+ 27). o

Compression index —--- obtained from the liquid limit
according to the Terzagi's formula (Cc =

0.009 (WL - 10) ).

Nature void ratio --- obtained by the equation of e =

Cc /0,46 + 0.4,

Coefficient of permeability --- obtained from the
distribution of 20 percent of particle

grain size by the Creager's relatiohship.
Lower Tidal Regulator (LTR)
Topography

LTR site at Tak Bai is located approximately. 7 km upstream
of the Mae Nam Kolok connection, and approximately 10 km
upstream from the estuary of Mae Nam Kolok. The elevation of
the regulator site which is currently being ﬁsed ag paddy
fields is around 40.75 m. The neigﬁborhood of the closure
site on the right bank is lower in elevation than the regulator
gite and becomes inundated at high tide. The river width is

about 60 m. Topographic map of the LTR site is shown in Figure

- TX~1-10 of Appendix IX,

1 #a
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2)

(3)

Geology

Profiles

Geological profiles of the regulator site and the closure
gite are different as shown in Tables 5-3 to 5-4. The
geological cross-sections of the proposed sites for regulator
body, closure, dam, etc. are shown in Figure IX-1-12 to IX-1-13

of Appendix IX.

Soil Properties
The soil properties of each layer are presented in Table
5-5. Bulk density, naturc void ratio, cohesion, angle of
internal friction, compression index, and coefficient of
permeability are estimated by the same methods as applied to

UTR.
Rock and Earth Matervials

On the basis of the geperal geological conditions in and
around the Study ares as described in Appendix I, the
embankment materials are distributed as shown in Figure IX-1-19
of Appendix IX, and the distribution of ewxisting borrow areas
is alse indicated on the same figure. The {resh zoune of
granite is used as rock material and the weathered zone as soil

material.

Colluvium and vesidual soil mainly consist of sandy clay
and are used as embankment material for the Pileng project, but
they are not considered good materials being lean of sandy
contents, lLatevite is distributed with laver thickness of 2 w
near Sg. Kolok and is extracted for the Mu No project. This
laterite is considered to be pood material with satisfactory

grain size distribution., lLaterite is also distributed at



various places.around the Study area, but the layer thickness

ig thin mostly being less than 1 m,

Beach-sand is mainly seen along the beach ridge in the
coastal zone andlconsists'pf fine to coarse sand. This layer
is extracted here and there on a small scéié.' River sand is
distributed in Mae Nam Ya Kéng'and Mae Naﬁ Kolok, being

extracted on a small scale by small pump dredgers.

Table 5-1 Geological Profiles (UTR)

L = E L to base of .
Mark Layer Soil layer (m) Remark
sand,
- Asu silty sand ~5.9~-8.15
locally
sandy silt
Ny silty c_lay «8.0~=~11.29
2‘?;/3: Acu clayey sand |{locally ~17.82]
pd
DN \:r - sand . .
N silty sand
‘ asl tocally ~19.05 >
2 gsandy silt
1 b -
- o Acl silty clay ~22.21> Very locally
F
SRR . _ Closure
: +ﬁ+ Gr granite -_— cite
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Table 5-2 Soil Properties (UTR)
T .
LAYER Asu Acu Asl
Sand. Silty |Silty Clay Sand. Silty
SOIL Sand locally |Clayey Sand |Sand locally
Sandy Silt Sandy Silt
N~ VALUE 1~ 12 07 10~50
20% OF PARTICLE . '
CRAIN S1ZE (om) 0.07~0.16 - 0.09~0.54
LIQUID LIMIT
o - 28 46 -
SOIL CLASSIFICATION SM~ SC SP.  SW.
( ASTM ) SP CL ~ ML SM ~ SC
BULK DENSITY
re - (glend) 1.7 1.7 1.9
NATURE VOID
RATIO  En - 0.7~1.1 b
COHESION
' 0 0.03~ 0.4
¢ (kg e 03~ Q.44 0
ANGLE OF INTERNAL
DF —
FRICTION # ( °) 27~ 30 o 30742
 ——
COMPRESSION LNDEX
- - D.16~0.32 -
GCe
COEFFICIENT OF -4 e10=3
PERMEABILITY ?'5xfg_3 - 1"‘10_2
K (cafs) ~ 5.1x!l ~ 9.2x10

Table 5-3 Geological Profiles

Table 5-4 Geological Profiles

(LTR-Regulator Site)
. . E L to base
Layer Soil of layer (m)
clay
Acl silty tlay =53
cla}
AcZ siley clay =}10.0~ =16.5
acl sandy sikt ~12.0~-18.5
clay . :
heh silty clay ] ~19.1~ 16,0
sand
A —_—
82 silty sand

(LTR-Closure Site)

: E L to base
Hathk Layer Seil of layer (m}
/s
Ve Act stley clay -8.1
a s
L~
e clay -
y Acl ~ silty clay -2.0~-3.2
.1_
Asl silty sand -6.9~ ~12.0
Acl sandy silt ~14.9~=16.1
clay 28,8~ -3).2
Ach ~ silty clay Ten. B
ask sand ~24.9
Lt sand
- As2 ~ silty sand -




TAble 5-5 Soil Properties (LTR)

LAYER : Acl asl Ac? L hed Avs Asg‘hw
Clay ~ Siley Clay ~ | Sandy | Clay ~ | Sand ~
S0IL ‘Silty Sand ~ Stley Sile Siley Sikey
: Clay - ) Clay’ Clay Sand
S g | o~1 et i~8 7
N-VALUE 0 g : (5~12) 0
20 ' LE '
x aF PASTIC - 0.05~0.09 - - - 0.05-0.75
GRAIN SIZE (mm)
LIQUED LIMIT T ) :
1~ 61 - 46~ 49 15~ 24 44~ 350 -
WL (%) sA~é
SOIL CLASSIFICA ‘ SH~SC-
N " ocH sH~ SC L L HL sp
~TION (AASHTO} i : oL CL SH~ 5¢
BULK DEHSITY S o - }
. 1.4 1.7 b 1.7 1.7 1.9
t (g/end) o
NATURE VOID . -
1.2~1.6 | - 1.1~1.2 [ 0.5~0.7 [1.}~1.2 -
RATIO n . :
COHES KON ' : 0.06~0.50
0.03 0 0.03-0.06 | 0,03-0.44 - 0
¢ (kg fom’) : 0.31-0.73
ANGLE OF INTERWAL o 27 - 30 o o 0 29~42
FRICTION & - ( °) :
COMPRESS 10N INDER :
' 0.37~0.46 - 0.33~0.35 ] 0.05~0.13[0.31~0.36 -
Cc .
'COEFFLCIENT OF 2.8x10-5 . 2.8x107
PERMEABILITY - ~ 1. tx10"] - - -~ 19xa0d
K (cals)

note: ) Ci.osuru
5.1,2 Preliminary Design
(1) General Concept

ihe wost fundamental facility in the proposed Project is the
tidal regulators to establish the Bang Nara water storage which are
to be constructed.at the UTR and LTR sites as is explained in
_Chapter 4, Thé function to be given to the'tidal fegulators is
 vested by operatlng the gates Intercepting the intrusion of tidal
- flow from the ocean and controlling the impounding water level of

" the water storage,

During the preliminary design stage of two tidal regulators, a

'thorough discussion with the Government agencles concerned was made



on the needs of fish ladders and navigation locks to be attached,
While'two tida1 regulators would cut off the present migration of
soﬁé_ﬁiéﬁ.gpgéigs:from théit brackish épaﬁning to the fresh growing
groﬁnd that would be minor, it has been eﬁ?isagea tﬁaf.dny fisﬁ_
ladder wquld not be essential and this could Be fully cﬁmpgﬁsated by
the artificial fish fly stocking into the Bang Nara water étorége.
As far as_thgjngvigation_locks are concerned, the present condition
of navigation dlong ﬁae Nam Bang Rara indicatgs that'there are few
fishing boéts,qu_Small local vessels to conVeyltﬁe forest prdducts
including charcoal. It would not be acceptable to provide the |
navigation locks at the regulator sites for such need taking into
account the rather high investment and complicated operétion of
navigation locks, Tt is expected that some forms of.the éurrent
river navigation would be converted to the transportation with

existing well-designed road network,

.As=a éonsequence of construction work, the regulator body is
constructed in the form of dry work, and then Is connected with both
upstream and downstream of Mae Nam Bang Nara by the comnection
channel.  Since the flow of Mae Nam Bang Nara is possible to be
diverﬁed through'the_connettion channel and regulator, the old river
channel is blocked up by the closure dam., The crest of regulator is
servéd as road to facilitate local traffics and O & M of the Project

after construction.

Defailed information of the site geclogy and soil mechanics as
well as the regﬁlator design are incorporated in Appendix IX, while
10 drawings compiling a preliminary layout of the tidal regulators
at UTR and LTR are attached at the end of this Report,

{2) Type, Size and Operation of Gates

" The cffective gate opening width of regulators has been given
at 120 m at UIR and 24 m at LTR in totcal under Chapter 4. Taking
into account the water pressure conditions for the gates being

subject to both the inside and outside pressure as well as the



overflow actions, a’rdliéf‘typeTis_pfcferably‘employed for the regulator
gate. In addition to facilitate the opérétién‘and'managemént of the
water storage, it is deéignéd'thathné of the gates at each site is of

2-leaf roller type.

One'spén length of the géfes {s determined after examining a
paractical ratio of fhé'lééf:ﬂimensibn as a shell—type'étfucture,
weight of leaf and its conmstruction cost, as is explained in para. IX.1.?

of Appendix IX.

The major design dimensions of two tidal regulatbrs'as

delineated are summarized below:

Openings
_ UTR LIR ]
Elevation of still : ' ' EL-4.0m EL-5.0m
Effective opening width in total 120 m 24 m
Flood conditlons
-~ At 50-yr return period (Design term):
Downstream level EL+2.32 m EL+2.20-m
Upstream level ' EL+3.25 m EL+1.92 m
Max. outflow through regulator 1,911 cu.m- 326 cu.m
per sec per sec
- dol~ veloclty 2,20 m per sec 2.04 m per sec
- At 5-yr return period:
Dovnstream leVel - EL+1.63 m EL+1.44 m
Upstream level o EL+2;23 m. EL+1.47 m
Max. outflow through regulator 1,229 cu.m 185 cu,m
. : . per sec per sec
- do - velocity 1.65 m per sec 1.25 m per see
Normal impounding’ﬁater level o N EL+Q.40 M —— e
Einimum:impounding water level e e EL-0.20 m ——-mmmmmm
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gate specifications
Gate SpeLii Lot iylt

h__HMEBEL__MWAﬁ ' LTR

Type |

One-leaf roller, shell type 5 spans -

Two-leaf roller, shell type 1 span | -

one-leaf roller, girder type - ' 1 span
. Two-leaf roller, shell & girder type - 1 span
Cleat span 20,0 m 12,0 m
Gate crest . EL+l.1 m El+1.6 m
Gate height 5.1 m 6.6 m
pperating floor EL4+12,10 m FL+12.10 m
Seal type . 3—side:rubber seal ~—we—-
Hoist e Wire rope winch -wm=—-
Operating speed e 0.3 m per min —————-—-
Lifting height 8.00 8.00 m
Total weight ' " 660 ton 180 ton

Tt is=pfopoéed Ehaf an integrated cperation and management of
the tidal gates and the Bang Nara water storage as a whole would be
introduced with the provision of a water level information
transmission system by wiring among twe regulators at UTR and LTR,
for which a central station is located at UTR. As far as the gate
operation is concerned, three kinds of the systems are taken for UTR

and LTR:

- In-situ control to operate the gate at local positions.

- Remote control to operate the gate from the UTR and LTR control
Tooms. |

- Automatic control to operate the upper leaf of two-leaf gate
from the UTR and LTR control rooms with the water level

indicator and automatic control unit.

In addition, in case of the PEA's power loss, emergency diesel
engine generators of 56 kVA for UTR and 40 kVA for LTR with a

capacity to operate two gates progressively are installed.



(3)

Regulator Body

1)

2)

3

Pier-

The tidal regulator body is made of reinforcngConcrete.
The gate is supported by the pler, and theJCon@rete
shelter at its top is provided with hoist equipment and

electric motor. The gate pler and the abutment and pier

of the road brildge compose an integrated stricture, and

are constructed separately from the apron of the waterway.
Cut-off

Cut-offs are provided to prevent the destruction of the

:foundation ground due to the piping action of the water

infiltrating in the ground. The length of the cut-off is
calculated by the Lane's formula which examines the safety
of the foundation soil with regard to the infiltration

route length:

MRS B
' AH
where

C: Weighted creep rétio

(C = 8.5 for fine sand or silt)

L : BHorizontal creep length

g : Vertical éreep'length
AH : Pifferential Qater level between upper

and lower courses

The.cut-off léng:h would be 4.0 m for both UTR and LTR,

cdnsisting of a row of steel sheet piles.
Aprpn and riprap

Concrete structure apron would be provided so as to
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p1event the scour” of Lhe rivvr bed due to the flow of the

flood at the upper and 1owcr courses of the pler. The -

'rear_apron at the downstream side is calculated by the

Bligh's formula:
t =0.9C ¥D

where
R : Rear apron length
D : Maximum différential water level between ﬁpper
and lower courses
C : Value of the Bligh's coefficient.
( C = 18 for fine sand or silt)

It is decided to adopt the rear apron length of 10 m at
UTR and 13 m at LTR. 1In general, the fore apron length is
approximately three times the pier width, and it is
decided to adopt 8 m at UTR and 7 m at LTR., TFurthermore,
the riprap would be provided in succession to the upstream
and downstream aprons, and its Jength would be 45 m at the

downstream side and 20 m at the upstream for UTR, and 40 m

‘and 20 m, regpectively for LTR

Foundation pile

The foundation groﬁnd of the-regulator is loose sand
stratum at the UTR site and Soft-clay stratum at the LTR,

and'npgbeafihg capacity can be expected. Therefore, the

Tegulator body and abron would be supported with pile

foundatibn; At the UTR site, there is the sand stratum
with N-value 6f 20 to 25 in the vicinity of EL-12 m which

would be considered for gdod foundation and of more than

50 at around ElL-17 m as deemed solid foundation, as are

seen in Figure IX- ]~6 of Appendix IX. As for the design
bearing capacity of the pile, the ultimate capacity with

no settlement is calculated by the Meyarhof's formula



taking into neglect the frictiom bearing capacity by )
pile'é surface, and then it is multiplied with the safety

factor of 3:

Ru = 40N x Ap _
N =15+ 1/2 (N'- 15) N' > 15
Ra = Ru / 3
where

Ru : Ultimace bearing capacity
Ra : Allowable'bearing capacicy
N Guaranteed.vaalue .
N' : Average N -value ac the plle tip
For pier cile, pile tip dis at EL-17.5 m
with N' of 50
Bor apron pile, pile tip is at EL-11.0 m
with N' of 20. -
Ap : Pille tip s area (0, 4 mx 0.4 m=0.16 sq.m)

The allowable bearing capacity (Ra) of the foundation pile is

calculated at 69 ton. for piler and 37 ton for apron, while
the pile load according to the arrangement as spec1fied-in
the Drawings No.R2Z and No.R3 is 64 ton per pile for pier
and 26 ton per pilé for apron.

At the LTR site, the foundation consists of soft silty
clay layer down to ELuZO m, and the design pile length for
both the pler and apron would be 18 m where the tip is at
EL-24.5 m so-as to support them at the sand and silty sand
st;etem_wich N—vqlce 6: ﬁO.or“hlgher in acccrdance with
Figcre IXQl 14 of Appen&ix 1X¥, The allowable bearing.
capacity {Ra) . of the pier foundation plle at N' = 40 is
_calculated at 55 ton which is higher than the pile load of
50 ton.' The apron pilc would also be placed at EL-24.5 m,
since Lhere is no good foundation in the soft silLy clay

layer.
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5) Road bridge

The road bridge would be provided at ﬁhé'downstream side

of the pier, Dimensions of the road bridge are as

follows:
UTR o LTR |
Type Post~tensioning Prestressed concrete
' single~T girder 'gir&er bridge
bridge
Girder
S 23.0m 14,0 m~
length
Number of
spans 6 spans 2 spans
Bridge
Length 138 m 28 m
Width 6 m 6 m
Live
1oad Lineax léad 5000 kg pe? meter
e Evenly distrubuted load 350 kg per sq.m
Bottom EL _
EL + 4,00 m EL + 3,00 m’

of girder
Connection Channel
The tidal regulator connection channels would be excavated

s0 as to short-cut the meandering portion of Mae Nam Bang Nara,

The cross-section of the connection channel is given to drain

with safety the design maximum flood of the tidal regulator at

50-year return period as examined by the hydraulic simulations

study,



The UTR connection channel would excavate the meandering
river cdﬁrse'by makiﬂg good'use of the course of Khlong Sapi Yo
which flows into Mae Nam Bang Nara. Tts bottom elevation would be
at the EL-4.0 m which is the same as the tddal regﬁlatof sill
elevation, and the chamnel would have 150 m bed width and [:3 side
slope. The connection channel length would be 100 wm at the upstream

side and 600 m at the downstream side.

The bottom elevation of the LTR connection channel would be
located at the EL-5.00 m which 1s the same as the regulator sill
elevation, and the channel would be excavated with 30 m bed width
and 113 side slope. The connection channel length would be 180 m at

the upstream side and 160 m at the downstream side.

(5) Closure Dam

After completion of the regulators and connection channels, the
old Mae Nam Bang Nara would be shut up with closure dams, These
dams have 220 m length at UTR and 75 m 1ength at LTR. The
foundation ground at the closure dam consists of looée sand to soft

clay stratum at the UTR site and soft clay stratum at the LTR site.

These dams would be constructed with a larger bottom width so
as to distribute the load and prevent the sliding and settlement of
the dam body. The dam body cross-section would be of a gentle slope
embankment type with 1:5 side slope to realize the stabilization of
embankment with regard to the river stream and the ebb.and flood
tides, because the dam body 1s saturated with water both during and
after the construction work and most of the construction work is
carried out underwater. .Furthermore, the dam cross-section would
faké é stmétfic configuration at the uPétream and downstream sides
because the differential water'level.of'upstream and downstream is
negligibié. The dam would be embanked by using sandy soil materials

to faciiitate the elimination of pore water pressure, because the



foundation is poor and the embankment work is carried out

underwater.

- The dam crest height is determined by adding a margin of safety
of about 0.3 m to the 50-year return period flood water level, being
FLA3.50 m at the UTR site and FL+2,50 m at the LTR site. Both dam
heights are 8.50 m, respectively, The dam crest width would be
9.0 m which consists of 6.0 m road width and 1.5 m shoulder. The

dam crest would be paved with laterite,

gtability calculation

The stability calculation referring to the sliding of the dam
body consists of estimating the soil characteristics of each stratum
of the foundation ground and confirming the safety by means of the
glip circle method, The inner and outer water levels of the mean
low water springs that bring about the maximum differentlal water
level are regarded as design water level conditions, and the minimum
design safety factor referring to sliding is regarded as 1.5.

Results of stability calculations by computer indicate that safety
factors of 1.6 at the UTR site and 1.7 at the LTR site can be

secured,

Settlement calculation

Settlement of the dam body is caused either by the sinking of
the foundation rubble mound or the lateral flow and consolidation of
the foundation. Of the said causes, the consolidation settlement of

the foundation clay stratum would be the main cause,

The extent of settlement is calculated by the Terzagi's formula
with application of the compression index estimated from the liquied
1imit, because the experimental value of the consolidation

coefficient has not been obtained yet:
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_ Ce
1 + Co

logyg
‘where ‘
St .Settlement

Compression index

Cc ¢
Co : Initdial void ratio
Po : Overburden pressure

AP : Increase of pressure

H

-

Thickness of layer

Po +. AP
Po

The total extent of settlement ié estimated'to be approximately 40

mm at the UTR site and approximately 70 mm at the LTR site.

(6) Structural Stability during the Extra-ordinary Floods

Two tidal.regulators and those. appurtenance facilities are

~designed in accordance with the 50-yr return period floq&. The

conditions of such structures during the extra-ordinary floods

~at 100-yr and 200-yr return periods are riviewed,

hydrauric conditions of those floods are as follows:

UTR
Upstream Water Level
Discharge
Velocity (at Regulator)
Velocity (at Channel)

LTR |
Dowvnstream Water Level
.- (Gate closed)
; Uﬁstfeam'ﬂater Level
4_‘(Caﬁe opgnedj. _
'ﬁischargé -
Velocity (at Regulator)
Velocity (at Channel)

516

The

100-yr 200-yr
EL+3.57 m EL+3.84 m
m, Cmd
2,082 “/sec 2,279 /sec
2.30 "/sec 2.43 Mfsec
1.63 ™/sec 1.72 "/sec
100-yr 200-yr
EL}Z.&A m EL+2.64 m
CELA2.20 m EL+2.34 m
‘ 337:m3/sgg 389 m3/sec
2.11 m/sec 2.37 M/sec
1.03 m/sec 1.15 m/sec



Tip Elevation of the Gate
The tip elevation of the gatee at full opening are
EL+4.00 m at UTR and El4+3.00 m at LTR which are higher

‘than 200-yr return period flood water level.

Crest Elevation of the Closure Dams

Crest eleevation of the closure dams are EL43.50 m at UTR
and EL+2 .50 m at LTR, respectlvely, which are lower than
the extraordlnary flood level therefore, the dams would
be overtopped Nevertheless, d;rect damages caused by
0vertopp1ng would be mlnlmized because the eonnetlon roads
whlch are elevated as lower as 0.5 m than the crest
elevationq of the dams, have been so designed as to be

utilized as emergency splllways.

Connection Channels

'Oﬁtekirfs of the conﬁeetion channels are deluged with the
floo& weter.during tﬁezextfe~ordinary floods. Assuming
thaf_the.flow;erea'is that of the connection.channels
only, veiocity of the.ZOO yfvreturn period fleod is 1.72 m
per sec at' UTR and 1.15 m per sec at LIR. Generally, mean
velocity of the river course is designed at 2 to 3 m per
sec for safety of the both banks, Considering this point,
those velocities would be no problem of the erosion for

river bed or banks,
Access Roads

Tﬁe_wetef eurface eiope of the extra-ordinary floods would
not be so’steep considering the veiocities as mentioned
anve. -Wheo the flood water overeflows the road,'the
differencial watef'level between up end downstream of

“access road would be small, so that the damages for the

[a]
!

[
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